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PREFACE 


Pakt II of this Chemistry for Schools is intended to cover 
the middle period of the course of Chemistry which leads up 
to the Ordinary Level. It is assumed that a little Chemistry 
has already been attempted and the more elementary parts 
of the subject, such as the composition of the atmosphere, 
will be found in Part I. 

The number of years and the number of periods in the 
week which are devoted to Chemistry vary in different 
schools. Also, the methods of teaching the subject vary 
according to the ideas of the individual teacher. On one point 
there is general agreement. No course of Chemistry can be 
thought of as satisfactory without the means available for 
performing practical work in the laboratory. At the same 
time, it is the experience of the authors that the junior 
student also enjoys reading an interesting text book. 

The authors feel that in the preparation of a Chemistry 
text book for junior students an endeavour should be made 


to conform to the following considerations. 

(a) The scope of the book should be roughly that portion 
of the subject with which the teacher proposes to deal. The 
book should contain a little more than is necessary, in order 
to stimulate the interest, but not a great deal too much, 
otherwise the interest will be spoiled. Advanced text books 
are generally of little use to the junior student. 

(b) The language employed should not be too difficult. 
At the same time, clearness of exposition and preciseness of 


definition should both be attempted. 


New and more difficult 


VI 
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words should be introduced as the subject develops and the 
style should graduafiy change from that suitable for children 
to that suitable for adults. 

(c) Clear diagrams should be included to take advantage 
of the visual memory. 

(d) The relationship of Chemistry to life should be indi¬ 
cated whenever possible. 

Part II of this course of Chemistry is continued in the 
manner adopted in Part I and it is hoped that most of the 
requirements of teachers will be adequately met. Attention 
is drawn to the fact that stress has been laid on experiments 
which enable the metals commonly dealt with to be placed 
in the order of their chemical activity. 

The chapters are arranged so that each is, as far as possible, 
complete in itself. This enables the order of subjects to be 
taken, within limits, to suit the individual taste. For example, 
the chapter on formulae and chemical equations may be dealt 
with, if desired, at the beginning and many teachers prefer 
to start this subject as early as possible. At the end of each 
chapter there are numerous questions so constructed that the 
answers may be very short, thus rendering them suitable for 
questions round the form, or for a selection with very short 
answers to be written on paper. In addition, there are a great 
many exercises on chemical equations and many numerical 
examples. It is not expected that every teacher will find it 

fi e - e answered, but they are there for 
those who desire them. An inspection of the exercises on 
chemical equations wall show that these afford opportunities 
for constant revision. 

The method of setting out diagrams is similar to that 
employed in Part I, with regard to which many teachers 
have already expressed their appreciation. 
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CHAPTER I 


Solubility 

Tf a small quantity of salt is shaken with some water in a 
iiask the salt disappears. The salt is said to dissolve in the 
water. When a solid can dissolve in a liquid it is said to be 

soluble in the liquid. 

If a little sand is shaken with some water in a flask the 
sand does not disappear but rapidly settles on the bottom 
of the flask after the shaking is stopped. The sand is said 
to be insoluble in water. It is probable that no substance is 
completely insoluble in water. Some substances, however, 
dissolve to such a slight extent that they are often referred 
to as insoluble. 


Solutions. 

When a solid, such as salt or sugar, is dissolved in water 
or any other liquid the clear liquid which is formed is called 
a solution. 


Saturated Solution. 


When a liquid is in contact with a solid at a certain tem¬ 
perature and can dissolve no more of the solid at that tem¬ 
perature the solution is called a saturated solution. It is 

necessarv to mention that 

4 ' 

some of the solid mav be 

C- 

present, otherwise it is pos¬ 
sible that the solution is less 
than saturated, or what is 
known as super-saturated. 
Jn Supersaturated solutions will 
be discussed more fullv later. 
In order to be sure that a 
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liquid is saturated some solid must remain, however much 
the liquid is shaken, or however long it is left. 

Solute. 

Wlien a solld 1S dissolved in a liquid the solid is called the 
solute. For example, if some common salt is dissolved in 
water, the common salt is called the solute. 

It is not only solids, such as salt, that can be solutes. Gases 

can dissolve in liquids, and in this case the gases are the 

solutes. Even liquids can be solutes, because liquids can 
dissolve in other liquids. 

Solvent. 

The liquid m which a solute is dissolved is called the 
solvent. For example, in a solution of salt in water the salt 
is called the solute and the water is called the solvent. 

Important Solvents. 

The commonest liquid in the world is water and water is 
the most important solvent. Some things are very soluble 
m water and some things are only slightly soluble, but it is 
probable that everything is soluble to some extent. The 
gases in the air dissolve slightly in water, but oxygen is more 
so uble than nitrogen. Ihe fact that oxygen dissolves in 
water enables fishes to breathe by means of their gills. 

Examples of common substances which are dissolved in water 
in the home are sugar, salt, and washing soda. 

Although water is so familiar to everyone as a liquid in 

which things can be dissolved, it must not be imagined that 

there are no other important solvents. Many substances do 

not dissolve very well in water and it is necessary to find 

other more effective solvents if it is desired to make a 

solution. The following liquids are often employed as 
solvents: 
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alcohol ether 

chloroform petrol 

carbon disulphide 


The particular liquid which is chosen as a solvent depends 
upon the substance to be dissolved. For example, sulphur 
is practically insoluble in water and only slightly soluble in 
alcohol, but it dissolves quite well in carbon disulphide. 
Iodine does not dissolve very well in water, but does dissolve 


well in alcohol, ether, and chloroform. The solution of iodine 
which is used as an antiseptic for cuts and wounds consists 
of iodine dissolved in alcohol. It is usually called tincture 


of iodine. 

Every boy who has mended punctures in bicycle tyres is 
familiar with rubber solution. Rubber is insoluble in water, 
but does dissolve in petrol and other oils. Rubber solution 
consists of rubber dissolved in petrol. When the solution is 
exposed to the air the petrol evaporates and leaves a deposit 
of pure rubber. 


Definition of Solubility. 

The solubility of a substance in a liquid is defined as the 
weight in grams of the substance which will dissolve in 100 

o o 

grams of the liquid to form a saturated solution at a given 
temperature. 

The weight of a solid which can be dissolved by a particular 
liquid to form a saturated solution depends upon 

1. The quantity of the liquid employed. 

2. The kind of solid which is being dissolved. 

3. The temperature. 

It is obvious that a large quantity of a liquid will dissolve 
more than a smaller quantity. When we talk of the solu¬ 
bility of a substance it is generally understood that we refer 

V V-' K' 

to the weight which will dissolve in 100 grams of the liquid 
to form a saturated solution. 
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Usually we do not refer to a volume of the liquid because 

the volume of a liquid alters with the temperature. There 

are occasions, however, when the solubility of a substance 

is expressed in grams of the substance per litre of the 
solution. 


To Determine the Solubility of Common Salt in Water 
at Room Temperature. 

It is a difficult matter to determine the solubility of a sub¬ 
stance with great accuracy. Complicated apparatus is 
required and a lot of time is necessary. A fairly accurate 
determination of the solubility of common salt at room 
temperature may, however, be made with simple apparatus. 



Fio. 2. 


It can be seen from the definition that it is necessary to 
find the weight of common salt which will dissolve in 100 
grams of water to form a saturated solution at room tempera¬ 
ture. The following steps are taken. 

1. A saturated solution of salt in water is made at the 
room temperature. 

2. A portion of the solution is taken and an experiment 
is performed to find the weight of the salt and the weight of 
the water which make up this portion. 

3. When the weight of the salt and the weight of the water 
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are both known the weight of salt which dissolves in 100 
grams of water is calculated. 

A saturated solution is made by taking a flat-bottomed 
flask and half filling it with distilled water. Salt is then added 
until no more will dissolve, however much the flask is shaken. 
When the solution is saturated a layer of salt remains undis¬ 
solved on the bottom of the flask. 

An evaporating dish is covered with a watch glass and the 
two are weighed together. A portion of the clear solution is 
then transferred to the dish. This may be done by carefully 
decanting or by sucking up some of the solution into a glass 
tube. Care must be taken not to disturb the solid salt. If a 
number of people are performing the experiment and a large 
quantity of the solution is required, it is probably better to 
filter it. 

The weight of the watch glass together with the dish con¬ 
taining the solution is now found. By subtraction, the weight 
of the solution is obtained. 


The evaporating dish, covered with the watch glass, is now 
placed on a sand bath and the solution slowly evaporated to 
dryness. A very small flame is used. The object of using the 
watch glass is to prevent loss of the salt through spitting. 
When the salt is completely dry the dish and watch glass 
are cooled and weighed again. The weight of the salt can 
thus be found, because the weight of the dish and watch 
[lass is known. Also, once the weight of the salt is known, 
the weight of the water in which it was dissolved can be 
found, because the weight of the solution is known. Thus 
Ave have found the weight of salt which dissolves in a known 
weight of water to form a saturated solution at room 


( 

«i _ 


temperature. 

The weight of salt which dissolves in 100 grams of water 
is then calculated. 

I he results are set out as shown in the following 
example. 
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Results. Grams 

Weight of evaporating dish-}-watch glass-}-solution = 63T8 
Weight of evaporating dish-}-watch glass = 57-34 

Weight of solution = 5-84 

Weight of evaporating dish-f watch glass-}-salt = 58-89 

Weight of evaporating dish-f watch glass = 57-34 

Weight of salt = 1-55 

Weight of solution = 5*84 

Weight of salt = 1-55 

Weight of water = 4-29 


4-29 grams of water dissolve 1-55 grams of salt. 


100 grams of water dissolve 


1-55 

4-29 


X 100 grams of salt 


36-1 grams of salt. 


It must be pointed out that the solubility of salt in water 
at room temperature has been found. The solution employed 
was saturated at room temperature. No heat was used in 
the preparation of the saturated solution, although heat was 
used later to evaporate it to dryness. 

This method of finding solubility is not very suitable in 
the case of a substance which is easily decomposed by heat. 
For example, the method of evaporation to dryness, as 
described, could not be used with potassium chlorate unless 
great care is taken. 
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To Determine the Solubility of Potassium Chlorate 
in Water at Various Temperatures. 

1. A large test tube is taken and supported on an iron 
stand by means of a clamp. 

2. A convenient quantity of water is added to the test 
tube. The water should really be weighed, but as 1 c.c. of 
water weighs very nearly 1 gram at room temperature the 
volume in c.c. may be measured. A suitable volume of water 
to take is 20 c.c. The solubilities which will be found are the 
weights of potassium chlorate which dissolve in approxi¬ 
mately 20 grams of water. The weights which dissolve in 
100 grains of water can readily be calculated. 

3. Some potassium chlor¬ 
ate is weighed on a watch 
glass or a piece of paper and 
then transferred as com¬ 
pletely as possible into the 
water in the tube. 

4. A thermometer is intro¬ 
duced into the tube and is 
used to stir the liquid cauti¬ 
ously, but thoroughly. If all 
the potassium chlorate dis¬ 
solves without the applica¬ 
tion of heat it means that 
insufficient has been added 
to saturate the solution at 
room temperature. Further 

weighed quantities of potassium chlorate are therefore 
added until some remains undissolved after thoroughly 
stirring. The tube is then heated with a tiny flame °and 
the liquid constantly stirred. At the moment the last trace 
of potassium chlorate disappears the temperature is taken. 

The above operation requires considerable skill and is 
rarely successful without practice. Usually too much heat 
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is applied and the temperature recorded is therefore too high. 
Also, it is very easy to poke the thermometer 
bottom of the tube through careless stirring. 

The experiment can be repeated by allowing the solu¬ 
tion to cool until crystals appear. Heat is then applied 
until they disappear once more and the temperature 
is again taken. This procedure can be repeated until the 
same temperature is obtained on each occasion. 

5. When it is decided that a fairly accurate reading of the 
temperature has been obtained a further weighed quantity 
of potassium chlorate is introduced into the same solution 
in the test tube. The temperature at which this all dissolves 
is found as previously described. It must be remembered 
that the temperature now noted is the temperature at which 
the total weight of potassium chlorate in the test tube dis¬ 
solves. This means that the weight of potassium chlorate 
just used must be added to that already in the tube. 

6. The results are set out in the form of a table. 




Solubility Curves. 

If a graph is drawn to show the relationship between the ' 
weights of potassium chlorate which dissolve in a certain 
weight of water and the temperature we obtain what is known 
as a solubility curve. The solubility curve which shows the 
weights of potassium chlorate which dissolve in 100 grams of 
water at various temperatures is shown in the diagram. 

Most solid substances are more soluble in hot water than 
in cold. This is indicated by the graph sloping upward from 
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10 20 30 40 50 60 70 80 90 100 

Temperature in degrees Centigrade 

Fig. 4. 


left to right. Some substances dissolve much more in hot 
water than in cold and the graph slopes upward very steeply. 
An example of a substance which illustrates this is potassium 

nitrate. 


A substance which does not dissolve much more in hot 
water than it does in cold is common salt (sodium chloride). 
The solubility curve is very nearly a straight line. 

The solubility curves of different substances vary a great 
deal. This is because substances differ with regard to the 
amount they dissolve in water and also with regard to 
the manner in which their solubilities change with tempera¬ 
ture. It is interesting to plot the solubility curves of a 


B 
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number of different substances on the same graph paper. 

The diagram shows the solubility curves of some common 
substances plotted in this way. 



Temperature in degrees Centigrade 

Fig. 5. 

To Separate a Mixture of Salt and Sand. 

To obtain the Sand. 

The fact that substances differ in their solubilities is often 
used in order to separate mixtures of substances. 

Suppose we have a mixture of salt and sand and we wish to 
separate the mixture in order to obtain both the salt and the 
sand. We make use of the fact that salt is reasonably soluble 
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A 



in water, whereas sand is practically insoluble in water. The 
method of procedure is as follows. 

1. Some distilled w r ater is taken in a beaker and the mi xture 
added. The quantity of water required will, of course, depend 
upon the amount of the mixture. The water and mixture are 
then stirred thoroughly by means of a glass rod with a rubber 
cap. If enough water has been added we should now have a 
solution of salt and a sediment of sand. 

2. The solution is filtered. The filtrate is salt solution and 
the residue is sand. The sand is, however, not pure. It may 
happen that all the salt has not been dissolved, and in anv 
case the sand will still be wet with some of the salt solution. 
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3. In order to obtain the sand free from salt it is washed 
thoroughly with distilled water. For this purpose a piece of 


manner 


which a wash bottle works can be seen from the diagrai 

Air from the mouth is blown down tube A and a thin stream 

of distilled water is forced from jet B. The stream of water 

is directed on to the sand in the filter paper until it is 
thoroughly washed. 

4. The funnel containing the filter paper and wet sand is 

allowed to drain for some time and is then dried by means 

of a piece of apparatus called a drying cone. This is made of 

iron and is used as shown in the diagram. The sand in the 

sand bath is gently heated by means of a very small flame 

and the hot air formed dries the filter paper and sand in it. 

Care must be taken that the flame is not too high, otherwise 
the funnel will crack. 

The sand may also be dried by means of a hot air oven, 

I Aw 


shown 


funnels 


oven is heated by a bunsen burner and the temperature is 
noted by means of a thermometer. It is not allowed to rise 
above about 110° C. A steam oven is surrounded by a water 
jacket which is heated by means of a number of bunsen 
burners. The temperature cannot rise above 100° C. while 
water remains in the oven. Naturally, it takes a consider¬ 
able time to dry a filter paper containing wet sand, but there 

is less danger of cracking 
the funnel and the filter 



5&/t $ofut/on 


Sand tray paper will not burn. 




Fig. 7. 


To obtain the Salt. 

The salt is obtained 
from the solution by care¬ 
fully evaporating it to 
dryness on a sand bath. 
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1. What is meant by a solution? 

2. What test can be applied to determine whether a solution is 

saturated with a particular solid? 

3. What name is given to the solid which is dissolved in a liquid? 

4. Name four important solvents. 

5. Define solubility. 

6. Why do we refer to the weight of liquid and not the volume in 
the definition of solubility? 

7. What is the first step to take when finding the solubility of 
common salt in water at room temperature? 

8. Why is a watch glass placed over the evaporating dish when a 
solution of salt in water is evaporated to dryness? 

9. Give an example of a substance where the method of deter¬ 
mining solubility by evaporation to dryness would be unsuitable. 

10. What does the horizontal axis of a solubility curve represent? 

11. What does the vertical axis of a solubility curve represent? 

12. When we separate a mixture of salt and sand we make use of 
a difference in one of the properties of the two substances. What is 
this property? 

13. Name another pair of substances which could be separated in 
a manner similar to that employed in the separation of salt and sand. 

14. Give a diagram to show the action of a wash bottle. 

15. What is a drying cone? 

10. What is a steam oven? 

17. What advantage has the use of a steam over that of a drying 
cone? 

18. Look at the solubility curves on page 10 and state the tempera¬ 
ture at which potassium nitrate and sodium chloride have the same 
solubility. What is the solubility of each substance at this temperature? 

19. Draw solubility curves of the following substances from the 
results shown in the table. Use the same piece of graph paper and 
the same axes in each case. 

The figures give the weights in grams which dissolve in 100 grams 
of water at the temperatures mentioned. 


Substance. Solubility in 100 grams of W'atek. 



0 ° c. 

20 ° C. 

40° C. 

60° C. 

80° C. 

100° c 

Potassium chloride 

27-0 

34-0 

40-0 

45-5 

51-1 

5 6 • 7 

Potassium carbonate 

83-1 

94-1 

106-2 

119-2 

134-3 

153-7 

Ammonium chloride 

29-4 

37-2 

45-8 

55-2 

65-6 

77-3 

Ammonium sulphate 

71-0 

7G-3 

81-6 

86-9 

92-2 

97-5 


20. An evaporating dish and watch glass were weighed together 
and the weight was found to be 81-05 grams. A quantity of a saturated 
solution in water of a substance Q was then placed in the evaporating 
dish and the weight, together with that of the watch glass, was 
118-13 grams. The solution was evaporated to dryness and the weight 
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of the evaporating dish and contents, together with that of the watch 
glass, was then 93-1 grams. Set out these results as you would in your 
laboratory note book and calculate the solubility of Q in water * 


CHAPTER II 


Crystals 

Formation of Crystals from Solutions. 



0 10 20 30 40 50 60 70 80 90 100 


Temperature in degrees Centigrade 

Fig. 8. 
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It has already been mentioned that most substances are 
more soluble in hot water than in cold water. This is shown 
by the upward slope of solubility curves. The solubility 
curve for ordinary alum is shown and it can be seen that 
100 grams of water dissolve very much more alum when the 

water is hot than when it is cold. 

Suppose that a saturated solution of alum at 70 C. is 
cooled to 20° C. It can be seen from the graph that 100 grams 
of water dissolve about 94 grams of alum at 70° C. and only 
about 13 grams at 20° C. When the solution is cooled most 
of the alum which was dissolved at 70° C. can no longer be 
dissolved by the water. The alum which can no longer be 
dissolved at the lower temperature appears in the form of 

crystals. 


Methods of 1\L\king Crystals. 

To prepare Crystals from a solution in water. 
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1. A solution of the substance is prepared in a beaker. 
This is done by adding the substance to water and gently 
heating until it is all dissolved. If the substance is supplied 
in the form of large lumps it will dissolve more easily if it is 
first crushed by means of a pestle and mortar. 

2. The solution is then carefully evaporated, but not to 
dryness. In order to test whether crystals will be deposited 
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when the solution is cool a small portion is withdrawn occa¬ 
sionally in a piece of narrow glass tubing and allowed to cool 
quickly in the air. If crystals form in the piece of glass tubing 

they will also form in the beaker when the main portion of 
the solution is cooled. 

3. When the solution in the beaker has been evaporated 
enough it is covered with a watch glass and allowed to cool. 
If it is cooled quickly by means of cold water the crystals 
obtained will be small, whereas if it is allowed to cool slowly, 
the crystals obtained will be much larger. 

4. When the crystals have been prepared they must be 
dried. The solution above them, which is called the mother 
liquor, is poured off as carefully as possible and the crystals 
may then be dried by means of filter paper, or blotting paper. 
A much more satisfactory way of obtaining a dry crystalline 
specimen is to place the crystals on a plate of unglazed 
earthenware called a crystal dryer. This is set aside for a 
few days to allow the surplus liquid to be absorbed. 


The use of other solvents. 

Some substances dissolve so slightly in water that it is not 

possible to use this solvent for the preparation of crystals. 

A suitable liquid in which the substance is soluble is chosen. 

For example, sulphur is practically insoluble in water, but 

dissolves well in carbon disulphide. Crystals of sulphur may 

be made from a solution in carbon disulphide, but the liquid 

is so inflammable that it should not be heated. It should be 

allowed to evaporate in the atmosphere and no flames should 
be near. 

Melting and cooling. 

It often happens that when a substance is melted and then 
allowed to cool it re-appears in the form of crystals. This can 
be shown by means of sulphur. 
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A rather large quantity of sulphur is melted in a crucible, 
care being taken that it does not catch fire because it is 


heated too strongly. This 
sulphur is then allowed to 
cool until a thin solid crust 
has formed on the surface. 
Two small holes are made 
in the crust and the liquid 
sulphur from the interior 
is poured through one of 
them. When the crust is 
removed the inside of the 



crucible is found to be covered 


with beautiful long needle-like crystals of sulphur. The experi¬ 
ment requires some skill to perform successfully. If a small 
quantity of sulphur is taken the whole mass of it solidifies 
before the liquid interior can be poured out. 


Crystals in Nature. 

Many substances occur as crystals in nature. Sometimes 
the crystals have been formed from a solution in water, but 
often 1 hey have been produced by molten rocks cooling. When 
the molten rocks consist of several kinds of substances the 
liquid can be considered to be a solution of the melted sub¬ 
stances dissolved in each other. The crystals which occur in 
nature are mainly crowded together and therefore not of 
perfect shape, but occasionally excellent specimens of nearly 
perfect crystals are found. 

The formation of crystals in nature follows the same rules 
that we have discovered for those prepared in the laboratory. 
When the solution or molten rock is cooled quickly small 
crystals are formed. When the solution or molten rock is 
cook'd very slowly large crystals are formed. 

Small crystals in nature can be seen in rocks produced by vol¬ 
canoes. The molten rock pours through a hole in the ground and 
consequently cools quickly in the air. Often the crystals formed 
are so small that they can only be seen under a microscope. 
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Large crystals in nature can be seen in rocks which have 
cooled slowly deep down below the surface of the earth. Some 
of these rocks have been brought to the surface later by earth 
movements. Granite is an example of a rock consisting of 



Volcanic rock 
(Java) 


ashes 


Section through a simp/e volcano 

Fig. 11. 

large crystals, but the crystals are usually not well shaped 
because they are crowded together. Sometimes in nature 
certain crystals have been free to develop on their own and 
some very well shaped specimens may be obtained. Good 
crystals of quartz are fairly common. 


The Preparation of Well Shaped Single Crystals 
in the Laboratory. 

In order to prepare nearly perfect specimens of crystals in 
the laboratory it is necessary to make sure that each crystal 
is allowed to develop on its own without touching other 
crystals. 

A well developed crystal is chosen from a number of 
crystals which have been prepared and a piece of unspun 
silk or a hair is tied round it. The crystal is then suspended 
by means of the silk in a saturated solution of the substance 
in a beaker. Great care must be taken to be sure that the 
solution is saturated, otherwise the crystal will begin to dis¬ 
solve. The beaker is then lightly covered with a piece of 
cardboard to exclude dust as far as possible and left in an 
even temperature. The solution gradually evaporates in the 
atmosphere and the substance which can no longer be 
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dissolved is deposited on the crystal. Damaged faces and 
imperfections are repaired and the crystal grows larger. In 
this way really large specimens of nearly perfect crystals 
can be prepared. Particular care must be exercised to see 
that the temperature does not rise suddenly. If this occurs 
the crystal may dissolve completely and certainly the faces 
will be spoilt. Also, if the solution is allowed to cool suddenly 
it is probable that a large number of very small crystals will 
be deposited on the crystal. Substances which are easy to 
grow as large crystals by this method are copper sulphate 
and chrome alum. 

The disadvantage of preparing crystals by means of a piece 
of unspun silk or a hair 
is that the crystals al- 
ways have a thread in¬ 
side them. Another 
method of producing 
a large well shaped 
crystal is to select a 
good specimen and Fig. 12. 

place it on the bottom 

of a beaker or dish containing a saturated solution of the 
substance. The solution is allowed to evaporate gradually 
in the atmosphere and the crystal is turned each day in order 
to a,void the same face being always in contact with the 
bottom of the vessel. 



G la s s. 

Sometimes when a substance is melted and then allowed 
to cool it does not form crystals, but becomes what is known 

as a <_dass. 

i 

Everyone is familiar with the word “glass.” There are 
many different kinds of glass, but they all possess certain 
general properties. Two properties enable glass to be easily 
distinguished from crystals. Glass has no particular shape 
of its own and, when struck with a hammer, it does not split 
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in any particular directions. On the other hand, crystals have 

/4 A _ -2 • IT /« . « ^ 


own 


Thermometer 


with a hammer, they split along certain definite directions 
which depend upon the crystal. This property of splitting 
along definite directions is called cleavage. Glass has no 

particular cleavage. 

From a scientific point of view glass is really a supercooled 
liquid. This may seem ridiculous, because in ordinary life we 
all think of glass as a solid. However, glass possesses certain 
properties which cause it to be described as stated. A simple 
expei iment illustrating supercooling may be performed with 
water. A little distilled water is placed in a test tube and a 
thermometer inserted. The tube is then placed in a freezing 
mixture of ice and salt and the water in the tube gently 

stirred by means of 
the thermometer. 
The temperature 
falls below 0° C. and 
the water remains 
liquid if the stirring 
is not too violent. 
The water is said to 
be supercooled. Sud¬ 
denly crystals of ice 
form and when this 
happens the temper¬ 
ature rises to 0° C. 

Glass usually con¬ 
sists of a mixture of 
substances called silicates. Mixtures of silicates when melted 

and then allowed to cool usually do not crystallise easily, but 

form glass. Glass may be made to crystallise by heating it 

until it nearly melts and keeping it at this temperature for 
some time. 

Many natural rocks consist of mixtures of silicates and 
specimens of glass occur in nature. 




//7y mixture 
of ic e end se/t 


Dssti/ie d we ter 


Fig. 13. 
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Supersaturated Solutions. 

Sodium thiosulphate is a substance used in photography 
for “fixing” and is commonly known as “hypo.” This sub¬ 
stance is readily soluble in water and, as with most other 
solid substances, it dissolves more in hot water than in cold. 
Sodium thiosulphate is very useful to illustrate a phenomenon 
known as supersaturation. 

Some distilled water is taken in a flask and a quantity of 
sodium thiosulphate is added. The mixture is well shaken 
and, if necessary, more sodium thiosulphate is added until 
a good deal remains undissolved. The flask is then gentty 
heated until all the solid is dissolved, after which it is placed 
carefully on one side to cool. A plug of cotton wool is inserted 
in the neck of the flask to keep out dust and care is taken 
not to disturb the liquid by shaking. When the solution has 
cooled doAvn to room temperature it is found that no crystals 
are formed, although we know that too much solid is present 
to dissolve at room temperature. The solution is said to be 
supersaturated. If a small crystal of sodium thiosulphate is 
dropped into the liquid crystals are at once formed. At the 
same time it may be noted that the temperature rises. The 
formation of the crystals when the small crystal is dropped 
into the liquid is a beautiful sight and the experiment is well 
worth performing. 

A supersaturated solution may be defined as a solution 
which contains 


ore of a substance than it can dissolve when 
it is in contact with the solid substance 
ture. 


e tempera- 

A supersaturated solution is in an unstable condition. 


If it is shaken vigorously, or if a small portion of the crystal¬ 
lised substance is inserted, the solution tends to crystallise. 
Crystals tend to form round any small portion of a solid 
which may be present. Such a small portion of a solid is 
ealle d a nucleus. It can be seen that m order to obtain success 
in preparing supersaturated solutions care must be taken to 
prevent dust from entering and to avoid shaking the solution. 
It. is, however, quite easy to prepare a supersaturated solution 
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of sodium thiosulphate, and another substance which shows 
the phenomenon well is crystallised sodium sulphate, some¬ 
times known as Glauber’s salt. 


Fractional Crystallisation. 

A solution may contain more than one substance dissolved 
in it. For example, 12 grams of sodium chloride and 12 grams 
of potassium chlorate may be dissolved in the same 250 grams 
of water. If the solution is evaporated sufficiently, crystals 
will form on cooling. Suppose that the solution is evaporated 
until only 100 grams of water remain, and then cooled to 
room temperature (about 15° C.) The solubility curves show 
that sodium chloride is much more soluble than potassium 
chlorate at room temperature. Roughly 36 grams of sodium 
chloride dissolve in 100 grams of water at 15° C., whereas only 
about 5 grams of potassium chlorate dissolve. Consequently, 
some of the potassium chlorate will appear as crystals, while 
all the sodium chloride will remain dissolved, together with 
the remainder of the potassium chlorate. 

The process described is called fractional crystallisation. It 
is sometimes useful in helping us to separate mixtures of 
solids which are both soluble. Actually, the process is usually 
much more complicated than in the example just given. 

Water of Crystallisation. 

Crystals of certain sub¬ 
stances give off water when 
they are heated. This may be 
illustrated by heating crystals 
of copper sulphate. 

Crystals of copper sulphate 
are transparent and blue in 
colour. Some small crystals 
are taken in a hard glass test 
er tube which is supported in a 
sloping position as shown in 


Copper su/phate 



Fig. 14. 
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the diagram. The test tube is then gently heated. At first 
the flame is kept in constant movement over the surface of 
the test tube in order to avoid cracking the glass, but after 
a short time the tube may be more steadily heated. It is 
noticed that the crystals gradually lose their blue colour and 
crumble to a white powder. At the same time a liquid is 
given off and drops condense at the cool end of the tube. A 
small quantity of this liquid may be collected by means of 
another test tube and when it is tested it is found to be 
pure water. 


When crystals of other substances are heated it is found 
that some give off water and some do not. The water which 
is given off when crystals are heated is called water of crystal¬ 
lisation. If the crystals are coloured they lose their colour 
when they lose their water of crystallisation. At the same 
time they also lose their shape. 

The following table shows some common crystals and 
indicates which possess water of crystallisation. 


CRYSTALS WHICH CONTAIN 
WATER OF CRYSTALLISATION 

Copper sulphate 
Ferrous sulphate 
Sodium carbonate 
Copper nitrate 
Magnesium sulphate 
Sodium sulphate 


CRYSTALS WHICH DO 
NOT CONTAIN WATER 
OF CRYSTALLISATION 

Sodium chloride 
Potassium chloride 
Lead nitrate 
Potassium nitrate 


Anhydrous Substances. 

The powders left after crystals have lost all their water of 
crystallisation are said to be anhydrous. Anhydrous copper 

sulphate and anhydrous sodium carbonate are two very well 
known examples. 

Pure anhydrous copper sulphate is a white powder. If a 
little water is added the powder turns blue and heat is given 
•out. The only substance known which turns anhydrous 
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copper sulphate blue is water. Consequently, anhydrous 
copper sulphate is often used as a test for the presence of 
water when only very small quantities of a liquid are avail- 

able. If the anhydrous copper sulphate turns blue, either the 
liquid is water, or it contains water. 

Anhydrous sodium carbonate is used for purposes which 
will be explained later. 


Plaster of Paris. 


Gypsum is a crystalline form of calcium sulphate which 
contains water of crystallisation. When gypsum is heated 
very strongly all the water of crystallisation is given off and 
anhydrous calcium sulphate is left. If, however, gypsum is 
heated very carefully to about 120° C. only a portion of the 

water of crystallisation is given off and a substance called 
plaster of Paris is left. 

When plaster of Paris is made into a paste with water heat 
is given out and in a short time the mixture becomes a hard 


white mass. This is called “setting” and is probably due to 
the plaster taking up water of crystallisation and forming a 
mass of interlacing crystals. When plaster of Paris sets it 


expands slightly and is therefore valuable for making moulds 
and casts of such things as statues, ornaments, etc. Plaster 


of Paris is much used in 


many types of cement and wall 


plasters. In surgical work bandages containing plaster of 
Paris are wetted and wound round broken limbs. When the 


plaster sets the limbs are maintained in a fixed position. 


Efflorescence. 

A large piece of clear washing soda, the chemical name for 
which is crystallised sodium carbonate, is placed on a clean 
watch glass and left exposed to the air. Gradually the crystal 
loses its clearness and a white powder forms on the surface. 
If the crystal is left long enough the whole of it turns into 
a white powder. The sodium carbonate has lost water of 
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crystallisation to the air. When a crystal loses water of 
crystallisation on exposure to the air it is said to be efflores¬ 
cent and the phenomenon is called efflorescence. It is found 
that efflorescent crystals do not lose water of crystallisation 
so easily if their faces are undamaged. 

Deliquescence . 

Some pieces of dry granular calcium chloride are placed 
on a clean dry watch glass and left exposed to the air. After 
a short time the surface of the calcium chloride becomes 
covered with a layer of moisture and, if left long enough, 
the solid disappears entirely and a solution is formed. The 
calcium chloride has absorbed so much water vapour from 
the atmosphere that it has dissolved in it. Calcium chloride 
and other substances which show this phenomenon are said 
to be deliquescent. 

Calcium chloride absorbs water so easily that it is often 
used for drying substances. 

Hygroscopic Substances. 

Many substances absorb water from the air but do not 
dissolve in the water absorbed. For example, black copper 
oxide is nearly always damp, unless special precautions are 
taken to keep it dry. The water is given off on heating. 

Substances which absorb water from the air, but do not 
dissolve in the water, are said to be hygroscopic. 


To Find the Percentage Loss in Weight when Cryst al s 
of Copper Sulphate are gently* heated. 

1. A clean dry porcelain crucible and lid are carefully 
heated. A gentle licking flame is employed at first in order 
to avoid cracking the crucible. Finally the crucible is heated 

O 

to red heat. The object of this procedure is to get rid of any 
moisture which may be on the crucible and lid. It is found 
that porcelain absorbs a certain amount of moisture from 
the atmosphere and this moisture is only got rid of at a red 


e 
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heat. In other words porcelain is hygroscopic. The crucible 
and lid are then cooled in a desiccator in order to avoid 

moisture once more 
Crushed crysts/s condensing on the 

oF copper su/phate surface. 

The procedure of a 
preliminary heating 
of the crucible and 
lid may be neglected 
if highly accurate re¬ 
sults are not required. 

2. The crucible 
and lid are carefully 



Fig. 15. 


weighed. 

3. The crucible is about half filled with crushed copper 
sulphate crystals and once more weighed with the lid. 

4. The crucible is placed on a pipe clay triangle which is 
supported on an iron tripod. The lid of the crucible is placed 
nearly, but not quite, covering the mouth of the crucible. 

5. The crucible is once more heated, at first gently and 
then more strongly, but never at a red heat. The water of 
crystallisation is driven off, but care must be taken not to 
heat so strongly that the sulphate itself is decomposed. 

6. The crucible, lid, and contents are cooled in a desiccator 
and weighed. 


7. The procedure of heating and weighing is repeated until 
the weight does not alter. This is called heating to constant 
weight. This is the only easy method of deciding whether 
all the water of crystallisation has been driven off. 

8. The results are set out as in the following example. 


Results. 

Weight of crucible-f lid-j- crystals 
Weight of crucible-f-lid 

Weight of crystals 


Grams 

= 23-96 
= 17-53 


6-43 
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t 

1st weight after heating 

Grams. 
= 21-68 

2nd weight after heating 

= 21-65 

Final weight after heating 

= 21-65 

Weight of crucible-}-lid-f-crystals 

= 23-96 

Final weight after heating 

= 21-65 

Weight of water of crystallisation 

= 2-31 


n ClgLll Ul Wctl/Cl Ui ^ iJ'Ol 

.-. 6-43 grams of crystals give off 2-31 grams of water of 
crystallisation. 

.-. 100 grams of crystals of crystals give 

grams of water of crystallisation. 

-35-0 frramf 


2-31 

off — XlOO 

6-43 


35-9 grams of water of crystallisation. 


QUESTIONS. 

1. Why are crystals formed when a saturated solution of a solid 
is cooled? 

2. What is the object of evaporating a solution when preparing 
crystals? 

3. When crystals are prepared by evaporating a solution what test 
is applied in order to decide when to stop evaporating? 

4. How does cooling a saturated solution quickly or slowly affect 
the crystals which are obtained? 

5. How are crystals dried? 

6. Name the liquid which is employed for dissolving sulphur when 
crystals are required? 

7. Explain how crystals may be obtained by melting sulphur. 

8. Explain how crystals are formed in nature. 

9. What is glass? 

10. From what class of substances is glass usually made? 

11. What conditions are necessary in order to prepare nearly perfect 
specimens of crystals? 

12. What is meant by a supersaturated solution? 

13. Mention a substance from which it is easy to prepare a super¬ 
saturated solution. 

14. What is the object of having a nucleus when crystallising? 

15. What is meant by fractional crystallisation? 

16. For what purpose is fractional crystallisation used? 

17. Explain very shortly the term “water of crystallisation.” 
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CHAPTER III 
Water 

Some Properties of Water. 

Water is essential for life to exist and it occurs to a more 

widespread extent than any other compound. Apart from 

the fact that it is the most useful substance with which the 

chemist has to deal, it is also an extremely interesting sub¬ 
stance to study. 

On account of its widespread nature water is made the 
standard for a number of physical constants. A few of its 
important physical properties are as follows. 

1. At ordinary temperatures water is a liquid which is 
colourless in small quantities. 

2. It is tasteless. 

3. One cubic centimetre at 4° C. weighs one gram. This 
is expressed by saying that at 4° C. its density is 1. 

4. It freezes at 0° C. 

5. It boils at 100° C. 

6. Its specific heat is 1. 

7. It is an excellent solvent. 

Test for Small Quantities of Water. 

The presence of water in a liquid may be detected by 
means of anhydrous copper sulphate. If the anhydrous copper 
sulphate changes from white to blue, either the liquid is 
water, or it contains water. This provides a useful test when 
only a small quantity of the liquid is available. 

To Obtain Pure Water. 

When it is required to obtain water free from impurities 
the water is distilled. This means that the water is boiled 
and the vapour is led away and cooled until it is a liquid 
once more. It is then collected in a receiver. The process of 
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cooling the steam is called condensation and a very efficient 
piece of apparatus for this purpose is a Liebig condenser. 


Condenser -tube without 



condenser 



DistfUste 

/ 

Pure w*ter 


Fig. 16. 


The action of a Liebig condenser is shown in the diagram. 
It consists of a glass tube surrounded by a jacket through 
which passes a current of cold water. The water which is to 
be purified is boiled in a flask called a distilling flask. This 
has a side arm which is connected to the middle tube of the 
condenser. It should be noted that the cold water from the 
tap is made to enter the condenser jacket from the lower 
end, otherwise it would be difficult to fill. 

The apparatus shown in the diagram is not employed in 
the laboratory for making distilled water in large quantities, 
but similar apparatus is always used when other liquids are 
distilled in the laboratory. When large quantities of distilled 
water are required an automatic still is usually employed. 

The principle of all automatic stills is that a stream of 
water from the tap keeps up the level of the water which is 
being distilled and also condenses the steam. Any surplus 
waiter runs to waste. The diagram shows a typical design 
for an automatic still. Water is boiled in the lower vessel 
and the steam is condensed by a large surface above. This 
is kept cold by water from the tap. The distilled water runs 



30 CHEMISTRY FOR SCHOOLS—PART II 

through a pipe and is collected in a receiver. The cold water 
rom the tap drips into an overflow apparatus. The method 
y which this works can be seen from the diagram. Part of 
the water keeps up the level of the boiling water and the rest 
i uns to waste. Automatic stills are usually made of copper 
Sometimes laboratory automatic stills are also fitted with 



Automati’c si/// 

Fia. 17. 


ovens which are heated by the steam from the boiling water. 

f he design of the still is then slightly more complicated, but 
the principle on which it works is the same. 

Sometimes extremely pure water is required. In this case 

ordinary distilled water is taken and redistilled with a con- 
denser made of tin. 


Water as a Solvent. 


Chemists make great use of the solvent properties of water 
it is probable that everything dissolves in water to some 
extent. Even glass vessels are slightly dissolved by the water 
they contam. Some things dissolve so slightly, however, that 
they are often referred to as insoluble. 
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The solubility of solids in water has been discussed pre¬ 
viously. The solubility of most solids increases with rise in 
temperature. The solubility of gases in water usually gets 
less as the temperature rises and in a good many cases the 
gas may be entirely expelled by boiling the water. This may 
be illustrated by means of air dissolved in water. 

Some distilled water is taken and shaken up for some time 
with air in order to dissolve as much as possible. The water 
is then placed in a round-bottomed flask and the apparatus 
fitted up as shown in the diagram. Care must be taken to 
see that the whole of the flask and the delivery tube are filled 



Water 


with water. The water is gently boiled and the dissolved air 
collected by means of a pneumatic trough. When this is 
tested it may be shown that a glowing splint is relighted. 
This is because oxygen is more soluble than nitrogen in water. 
100 c.c. of water dissolve about 4 c.c. of oxygen and only 
about 2 c.c. of nitrogen. It can be seen that the experiment 
must be repeated several times with flasks of ordinary size 
to obtain a reasonable quantity of gas. The object ol using 
distilled water is to be sure that impurities are not present 
which might give off other gases when the water is boiled. 
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Table to show Solubilities of some Gases in Water 


at Room Temperature. 


GAS 

Ammonia 
Hydrogen chloride 
Carbon dioxide 
Oxvgen 

c 

Xitrogen 


M7MBER OF C.C DISSOLVED BY 1 C.C. 
OF WATER AT ROOM TEMPERATURE 

802 

458 

1-019 

•034 

•0179 

•0190 


Hydrogen 
Water in Xatlre. 

Xatumh'yoccurring water is never pure. Apart from solid 

mat.er. wnieh can be filtered off, substances are always 

present dissolved in the water. The nature of the dissolved 

substances varies according to the origin of the water The 

purest natural water is rain, but even this contains traces of 

impurities collected in its passage through the atmosphere. 

Jhe ran, which falls in towns is obviously much less pure 
tJi.in the* rain falling in country districts. 

Sea water contains a large number of solids dissolved in it 

0 Mh]r ‘ l t!l ° most important is common salt (sodium 
cliJondc). 

Otl.M i \ ai icticr, of natural waters arc river water, well 

wa er, an< mineral waters. 1 hese all contain dissolved solids, 

tiic nature of which depends upon the locality. Often the 

water which is distributed for household purposes does not 

form a lather easily with soap. Such water is said to be hard. 

Jt need only be mentioned here that a common cause of the 

iarc m ss of a specimen of water is the presence of calcium 

bicarbonate dissolved in the water, but small quantities of 

other substances are often present which also cause the water 
to be hard. 

Well water usually contains traces of dissolved impurities 
which give it a pleasant flavour. Mineral waters contain a 
good deal of dissolved impurities. Certain mineral waters are 
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said to be beneficial to health when they are drunk, but they 
often have a very objectionable taste. 

Substances Used for Drying. 

Substances used for drying purposes are those which absorb 
water readily. They are known as drying agents. The follow¬ 
ing substances are very commonly used. 

Calcium chloride 
Concentrated sulphuric acid 
Quicklime (calcium oxide). 

The most efficient substance known for drying purposes is 
phosphorus pentoxide. It is, however, somewhat troublesome 
to use and is not very much employed in practice unless very 
thorough drying is required. Various other substances are 
occasionally used for drying. As an example, anhydrous 
copper sulphate may be mentioned. This substance is some¬ 
times used when only a very small quantity of water is 
required to be removed. Another substance which has 
recently been recommended for use as a drying agent is called 
soluble anhydrite. This substance is a variety of anhydrous 
calcium sulphate. It may be made in a form convenient for 
drying purposes by carefully heating for some time small 
scrap pieces of blackboard “chalk'’ in a tin container to a 
temperature of about 250° C. Most blackboard “chalk” 
consists of calcium sulphate combined with water of crystal¬ 
lisation. 

It must be arranged that the substance it is required to 

dry has no chemical action on the drying agent employed. 

A drying agent must be chosen which is suitable in this 
respect. 


w 

Apparatus Used for Drying. 

There are a number of pieces of apparatus which are used 
for drying purposes. The design of these varies according to 
the particular purpose for which they are required. 
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dry 


prevent it from absorbing moisture from the atmosphere a 
desiccator is used. Sometimes a desiccator is also employed 
actually to remove moisture from a substance. A desiccator 


Greased qround 
glass" lid 


Greased ground 
glass lid 


Granular 
calcium chloride 



Perforated plate 


Concentrated 

sulphuric acid 



Desiccators 


Fig. 19. 


consists of a stout glass vessel made airtight by means of a 

greased ground glass lid. The atmosphere inside the desic 

cator is kept dry by means of the drying agent. Two types 

of desiccator are shown in the diagrams. Granular calcium 

chloride is used in the first one and concentrated sulphurio 
acid in the second. 

If it is required to dry a liquid which contains a small 
quantity of water it is usual to place some pieces of granular 
calcium chloride or other suitable solid drying agent in the 


Wet 


g<?s - 


Wet 


gas 


Rutter cor A 



Dr y y*s 


Concentrated 

su/phur/c ac/d 



Dry gas 


Creased ground 
g/ass jo me 


Concentrated 
su/phurfc aerd 


Drechse/ bott/e 


Fia. 20. 
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vessel containing the liquid and to leave for some hours. The 
liquid may then be decanted or filtered. 

Sometimes it is very important to dry a gas. When the 


Wet gas 


Cz/cium 

ch/oride 



U tube 


tiry gas 


Ca/cium ch/oride 


Wet gas 







Dry 

gas 


Straight tube 


Drying tubes 

Fig. 21. 


gas has been dried it is usual to collect it over mercury. The 
student is reminded that it is no use going to great trouble 
in order to dry a gas and then to collect it over water. The 
kind of apparatus employed depends upon the drying agent. 
The most useful substance for drying gases is concentrated 
sulphuric acid. This is a liquid and the rate at which the 


Wet 




Ory gas 


Quick/ime 


L/me tower 
Fig. 22. 

gas is bubbled through may easily- be seen. A bottle is fitted 
up as shown in the first diagram, or a bottle especially sold 
lor such a purpose, known as a Drechsel bottle, may be used. 
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The gas must be bubbled slowly through the concentrated 
sulphuric acid, otherwise it will not have time to dry. If one 
bottle is insufficient, the gas is passed through others also, 
until it is dry enough for the purpose required. 

Granular calcium chloride is often employed for drying 
gases. The diagrams show two very common varieties of 
tube which are used for this purpose. 

When quicklime is used to dry a gas small lumps of it are 
placed in a tower and the gas enters and leaves as shown. 


The Action of Water and Steam on Metals. 


The action of steam on iron, and of water on sodium, 
potassium, and calcium have been discussed in the previous 
book. In every case the water or steam is split up and 
hydrogen is given off. The metals which are acted upon by 


water and steam are few in number. 


The principal metals 


are shown in the following tables. 


Table to show the Action of Water on Metals 

METAL GAS EVOLVED SUBSTANCE LEFT 

Potassium Hydrogen Potassium hydroxide 

Sodium Hydrogen Sodium hydroxide 

Calcium Hydrogen Calcium hydroxide 

Table to show the Action of Steam on Metals 

METAL GAS EVOLVED SUBSTANCE LEFT 

Magnesium Hydrogen Magnesium oxide 

Zinc Hydrogen Zinc oxide 

Iron Hydrogen Black iron oxide 

When metals are acted upon by steam the metals must 
be heated. 

It will be noticed that when water acts upon metals the 
substances left are hydroxides and that when steam acts 
upon metals the substances left are oxides. 

When magnesium is acted upon by steam the magnesium 
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actually bums in the steam. This may be shown by passing 
a slow current of steam over heated magnesium in a silica 

tube. 



The use of silica ensures that the hot tube will not be 
cracked by the steam. The magnesium is best taken in the 
form of powder or filings. The reaction may be represented 

as follows. 

Magnesium-f- steam =Hydrogen-f-Magnesium oxide 

Order of Chemical Activity of Metals. 

A study of the action of water and steam on metals shows 
considerable differences in what is known as the activity of 
the metals. Most pupils who have been through a course of 
elementary chemistry have been shown the action of sodium 
on water. This is a very vigorous action. When potassium 
acts on water the action is still more vigorous and the 
hydrogen which is given off bursts into flame on account of 
the heat produced. The action of calcium on water is com¬ 
paratively slow and with magnesium the action is extremely 
slow. It may be shown that magnesium has an action on 
cold water by inserting a bright polished strip of magnesium 
ribbon into a beaker of water. After a time the ribbon 
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becomes coated with small bubbles of hydrogen. On the 

other hand, the experiment previously described shows that 

heated magnesium acts so vigorously on steam that the metal 

bursts into flame. Heated zinc acts readily on steam, but the 

metal does not burst into flame. When iron acts on steam 
the metal must be made red hot. 

The following table shows the metals mentioned placed in 
their order of activity, starting with potassium as the most 
active and ending with iron as the least active. 


Potassium 

Sodium 

Calcium 

Magnesium 

Zinc 

Iron 


ine tab le showing the order of activity of the metals will 
be extended as more knowledge of chemistry is gained. For 
the moment it need only be stated that a metal such as 


copper would obviously be placed below iron, because copper 
has no appreciable action on either water or steam. 


The Analysis of Water by an Electric Current. 

The word analysis” means splitting up, and when a sub¬ 
stance is split up it is said to be analysed. When water or 
steam acts on a metal the water or steam is analvsed. 

4/ 

Water may be analysed by passing a current, nf plentrinitv 
through it. The process of passing a 


current 


electrolysis 


taken it is difficult to pass a current of electricity through it 
and, within limits, it becomes more difficult to pass the current 
as the purity of the water increases. If a little sulphuric acid 
is added to the water it is found that it is much easier to pass 
a current. The explanation of why the addition of sulphuric 


will 


when the subject of electrolysis is dealt with more fully. 
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A simple arrangement of apparatus for passing an electric 
current through water is shown in the diagram. Some water 
is taken in a beaker and a little dilute sulphuric acid is added. 
Two bare copper wires are dipped into the water and the 



1 H 


Fig. 24. 

other ends are connected to a battery. If an ammeter is 
placed in the circuit it can be seen that a current is passing 
through the water. The direction of the current is indicated 
by the arrow in the diagram. At the same time it is noticed 
that bubbles of gas appear to come from both the wires. It 
is clear that with the apparatus arranged as shown it is 
difficult to collect the gases which are given off in order to 
test them. A slightly different arrangement is easily made 

^ ; l- %/ 

and the gases can then be collected in test tubes. The 
diagram shows how this can be done. The wares under the 
test tubes are connected to small plates of platinum. This 
is to obtain a larger surface for the gases to come off. The 
copper wares are covered with insulating material for most 
of their length. The portions of the wires or plates which 
dip into a liquid and from which the current enters and leaves 
the liquid are called electrodes. The positive electrode is 
known as the anode and the negative as the cathode. 

Instead of the simple apparatus with test tubes Hofmann's 
apparatus may be employed. There are a number of varia* 
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shown 


tions of design of this apparatus. The design m tIie 

diagram is probably the most suitable to illustrate in order 

to make the action 
clear. It must be re¬ 
membered that the cur¬ 
rent flows from one pole 
of the battery through 
the water to the other 
pole of the battery. The 
arrows indicate the flow 
of the current. It does 
not flow up the long 
tubes. These are pre¬ 
sent simply in order 
that the gases evolved 
may be collected. A 
voltage of 4 to 6 volts 
is convenient. This is 



Fig. 25. 


usually supplied fro 
accumulators. 


current 


passed for some time it is noticed that the volumes of the 
gases which collect in the two tubes are not the same. The 
volume of the gas given off at the negative electrode is about 
twice that given off at the positive electrode. 

Samples of the gases may be obtained by opening the taps 
and it can easily be shown that the gases consist of hydrogen 
and oxygen. The water has been analysed, or split up into 
its elements, by passing an electric current 
action may be summarised as follows. 


through 


NEGATIVE ELECTRODE 

Hydrogen 
2 volumes 


POSITIVE ELECTRODE 

Oxygen 
1 volume 


Actually, the volume of the hydrogen collected is slightly 
more than twice that of the oxygen. This is because oxygen 
is more soluble in water than hydrogen. 
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The Synthesis of Water. 


The word “synthesis” means building up, or joining to¬ 
gether. The elements which compose water are hydrogen 
and oxygen, and when these elements are made to combine 
to form water we are said to have synthesised the water. 
Water may be synthesised in a number of ways. 

1. When hydrogen bums in air or oxygen water is formed. 

2. A mixture of hydrogen and oxygen may be exploded 

by a flame or an electric spark. 

3. Hydrogen acts on a number of compounds containing 


oxygen to form water. 

4. Water is formed in a great many chemical actions by 
the combination of hydrogen and oxygen from compounds 


which contain these elements. 


The experiment to show that water is formed when hydro¬ 
gen burns in air has been described in the previous book. 

When a stream of dry hydrogen is passed over the heated 
oxides of certain metals, such as copper oxide, the hydrogen 
combines with the oxygen in the oxide and water is formed. 
The metal is left. Experiments to illustrate this have also 


been described in the previous book. 

As chemistry is studied more full} 7 many examples will be 
met where w r ater is formed by the combination of hydrogen 


and oxygen from compounds 


which contain these elements. 


Synthesis of Water by Explosion of Hydrogen 
and Oxygen. 

When an electric spark is passed through a mixture of 
hydrogen and oxygen an explosion takes place and water 
is formed. It can be shown that 

2 volumes of hydrogen combine with 1 volume of oxygen. 

An instrument used for exploding mixtures of gases and 
finding the volumes in which they combine is called a 

eudiometer. 

In order to compare the volumes of gases it is necessary 

D 
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that they should be measured at the same temperature and 
pressure. If heating has occurred time is allowed to elapse 
until the gas has cooled to the previous temperature before 
the volume is measured. In order that all measurements 
should be made at the same pressure it is usual to have the 
mercury at the same level both inside and outside of the tube 
containing the gas every time a measurement is made. This 
means that the gas is at the same pressure as the atmosphere. 


Mixed yases 



Spark coi/ 


simplest 


Sp ark yap 


Mercury 


Straight eudiometer 


Fig. 26. 


:o describe is known as a 
straight eudiometer. It 
consists of a stout glass 
tube graduated in cubic 
centimetres and tenths of 
a cubic centimetre. Two 
platinum wires are fused 
through the glass near the 
top of the tube. Only a 
tiny gap separates these 
wires inside the tube and 
when the wires are con¬ 
nected with an induction 

coil and a battery a spark 
passes between them. The way in which an induction coil 
works is described in physics. A straight eudiometer is rather 
inconvenient to use. It is difficult to introduce the gases into 
the tube and a lot of mercury is required in order to have 
the levels the same both inside and out of the tube. 

Another design of eudiometer which is much more con¬ 
venient to use is also shown. With this type of eudic_ 

it is easy both to introduce the gases and to make the 
mercury levels the same. The apparatus consists of two 
stout glass tubes connected to each other by means of thick 
waked rubber tubing, known as pressure tubing. The gases 
which are to be exploded are contained in one of the glass 
tubes. This tube is fitted with platinum wires to enable a 
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spark to be passed and is graduated in cubic centimetres 
and tenths of a cubic centimetre. The rubber tubing allows 
the other glass tube to be raised or lowered as desired so that 



Eudiometer with levelling tube 

Fig. 27. 


the levels of the mercury may readily be made the same in 
both the glass tubes. The gases are introduced by means of 
a special tap, known as a three way tap. The way in which 
this tap works will be made clear by reference to the dia¬ 
grams. Two positions of the tap are shown. The first position 
shows the tap set to enable a gas to pass through it and then 
out into the air without entering the eudiometer. The second 


position shows the tap adjusted so that the gas passes into 
the eudiometer. It is also possible to arrange the tap so that 
the eudiometer is in direct contact with the air, but this 


position is not shown. 

Many students would probably like to know the exact 
manner in which the apparatus is used to find the volumes 
in which hydrogen and oxygen combine to form water. It 
is as follows. 
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i. me eudiometer is filled with mercury by opening the 
tap as m position II and raising the merely feseSntfl 
^, rC “ ry )ust reaclles the level of the tap 

from ir- ta! ? ' S then tumed to Potion I and dry hydrogen 

is passed for some time until all the air is swept out * 

d The tap is turned back to position II and some hydrogen 
is introduced by lowering the levelling tube. ^ g 

4. The tap is closed and the mercury reservoir is raised 

or lowered until the mercury is at the same level as that £ 

e eudiometer. The volume of hydrogen is then noted. 

O. \ / YVlTPIl 1 CJ mfrAdiiAArl 1_ • 


similar 


hydrogen otherwise the explosion might be too violent when 

Ind The vohr 3 1- The T ° 1Ume ° f the mlxed 8— iB -tel 

and the volume of oxygen is found by subtraction. 

n I h A r>r\rt 1 — 1 i • - — 


down 


Also 


hnnrr mow u i j* .fiiso a ruoDer 

the mercury from jumping out. prevent 

anrl'th?!' platinui “ connected to an induction coil 

and the face is protected by a duster or glass screen. A spark 

is then passed by means of the battery, and the hydrogen 

and oxygen combine at once with a bright flash 

8. After allowing to cool, the mercury in the reservoir is 
once more adjusted to the same level as that in the lu^o- 
meter and the volume of the oxygen which remains is noted, 
e volume of oxygen which was used up is found by 

of hvdrnl° n ' V ° Ume ° f Water f ° rmed by tbe combination 

of hydrogen and oxygen is so small that it can be neglected. 

If the experiment is carefully done it is found that two 

volumes of hydrogen combine with one volume of oxygen. 

he method of setting out the results may be illustrated 
as iollows. 
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Results. 

Volume of hydrogen-}- oxygen 
Volume of hydrogen 

Volume of oxygen taken 


== 21 c.c. 
= 6 c.c. 

= 15 c.c. 


Volume of oxygen taken 

Volume of oxygen left after explosion 

Volume of oxygen used up 


= 15 c.c. 
= 12 c.c. 


= 3 c.c. 


... 6 c.c. of hydrogen combine with 3 c.c. of oxygen. 
... 2 c.c. of hydrogen combine with 1 c.c. of oxygen. 


QUESTIONS. 

1. Name a substance which may be employed to test for the 
presence of water. 

2. Name the operation employed to purify water from solids 

which are not dissolved in it. . 

3. Name the operation employed to purify water from dissolved 

substances. 

4. What circulates through the jacket of a Liebig condenser? 

5. What material is used for condensers when extremely pure 

water is required? 

6. What class of substances become less soluble in water as the 
temperature rises ? 

7. What is the purest form of natural water? 

8. Give the chemical name for the principal substance which is 
dissolved in sea water. 

9. Give the name of the substance chiefly responsible for causing 

temporary hardness in tap water. 

10. Name the most efficient substance known for drying purposes. 

11. Name a liquid drying agent. 

12. Name the apparatus used for storing things which are required 
to be kept dry. 

13. Give the chemical name for quicklime. 

14. Name the metals which act upon water. 

15. What gas is given off when metals act on water? 

16. What class of substances is left after metals have acted upon 
water ? 

17. Name the metals which act on steam? 

18. What gas is given off when metals act on steam 
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CHAPTER IV 

Carbonates and Carbon Dioxide 


The Composition of Carbonates. 

Carbonates are compounds which usually consist of three 
elements combined together. The elements are 


1. A metal. 

2. Carbon. 


3. Oxygen. 

There are exceptions to this rule. For example, ammoniui 
carbonate does not contain a metal. ~ ‘ 


be met with later. 

Common Carbonates 


Other exceptions will 


compounds 


- -x-- “ mcwiv - 

bonates occur naturally and the manufacture of certain 
carbonates constitutes an important industry. 


CARBONATES AND CARBON DIOXIDE 
Chalk is a variety of calcium carbonate and in 
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bstance are found 
known forms of c 


limestone 


mixture 


magnesium carb( 
,ther well known 


car- 

A 


but they are not so common as calcium carbonate. 

Sodium carbonate is an example of a carbonate which is 

manufactured in large quantities. 


Carbonates which 

COMMON NAME 

Chalk 
Limestone 
Marble 
Magnesite 
Chalybite 
Cerussite 
Calamine 
Malachite 


occur naturally. 

CHE MIC AX, NAME 

Calcium carbonate 

Magnesium carbonate 
Iron carbonate 
Lead carbonate 
Zinc carbonate 
Copper carbonate 



Carbonates which 

COMMON NAME 

Washing soda 
Sal volatile 


are manufactured. 

CHEMICAX NAME 

Sodium carbonate 
Potassium carbonate 
Ammonium carbonate 


Washing soda is the name given to crystals of sodium car¬ 
bonate. At one time potassium carbonate was called potash, 
but this name is now usually reserved for potassium hydroxide. 


Uses of Carbonates. 


Carbonates are used for many purposes. 

Limestone, dolomite, and marble are employed for building 
purposes. Marble and malachite when polished have a 


beautiful appearance and are used as ornamental stones. 
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r m ; uu 1AI T STOne are occasionally used as a founda- 
tion stone when making roads, but they have a far more 

important use m the manufacture of quicklime Enormous 

quakes of quickly are made for u^'moZ Z 

h'tzssr employed as heat ^ 

Chalybite, cerussite, calamine, and malachite are used to 
obtam the metals they contain. This is expressed by saying 
that they are important ores of the metals. 8 

odium, potassium, and calcium carbonates are very 

argely used in the manufacture of glass. Sodium carbonate 

is also a weh known substance used for softening water in 

the home. Ammonium carbonate is occasionally used as an 
ingredient of smelling salts. 


The Solubility of Carbonates in Water. 

Sodium, potassium, and ammonium carbonates are soluble 
m water. All other common carbonates are insoluble. 


The Action of Heat on Carbonates. 

All common carbonates, except sodium and potassium 
carbonates are decomposed by heat. When carbonates of 
metals are decomposed by heat carbon dioxide is given off 
and an oxide of the metal is left. 

Carbonate=Carbon dioxide-J- Oxide of metal. 

Ammonium carbonate does not contain a metal, but it is 
also decomposed by heat. 

In connection with the action of heat on carbonates of 
metals the order of activity of metals given on page 38 may 

be studied. Potassium and sodium are very active metals 
and then* carbonates are not decomposed by heat. This is 
expressed m another way by saying that the metals are 
firmly combined and that the carbonates are stable towards 
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heat. The carbonates of the remaining metals given in the 
table, in addition to the carbonates of less active metals, are 


decom 

The 

trated 


posed by heat. 

action of heat on carbonates of metals i 
by heating copper carbonate. 




be illus 



Lime 

water 


Apparatus is fitted up similar to that shown in the dia¬ 
gram. Some copper carbonate, which is a green powder, is 
placed in a hard glass test tube with a delivery tube dipping 
into lime water. On gently heating the copper carbonate, 
carbon dioxide is given off and the lime water turns milky. 
Black copper oxide is left in the hard glass tube. 


Copper carbonate =Carbon dioxide-f-Copper oxide. 

The manufacture of calcium oxide, which is called quick¬ 
lime, provides an important example of the use made in 
industry of the decomposition of carbonates by heat. When 
calcium carbonate is heated very strongly carbon dioxide is 
given off and calcium oxide is left. 

Calcium carbonate—Carbon dioxide-}-Calcium oxide. 

The operation is carried ont by means of a lime kiln. One 
type of lime kiln is shown in the diagram. 
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Lumps of limestone are introduced at the top and the heat 
is supplied from burning coke in an oven at the side of the 



Lime ki/n 

Fig. 29. 


kiln In some types of kiln the coal or coke is mixed with 
the limestone in alternate layers, but this means that the 
June obtained is contaminated with ash. 

Some modern kilns are what is known as the rotary type. 
The limestone is introduced into the upper end of a long 
slightly sloping cylinder. The heat is supplied by a blast of 
hot burning gases from the lower end and the cylinder is 
made to rotate at a very slow rate. When cements are 
limestone is mixed with other materials, the principal one 
being clay, and the mixture is heated in a rotarv kiln. 


The Action of Dilute Acids on Carbonates. 

All carbonates are acted upon by dilute acids. No heat is 
necessary in order to start the action. In every case carbon 
dioxide is given off and substances known as salts are left. 
In some instances the action of dilute acids on carbonates 
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is very slow, or quickly slows down. This occurs when the 
salt which is produced is only slightly soluble in water. A 
crust is formed on the outside of the pieces of carbonate and 
further action is prevented or delayed. This may be illus¬ 
trated by means of calcium carbonate in the form of marble 
chips and dilute sulphuric acid. A crust of calcium sulphate, 
which is only slightly soluble, is formed and the action is slow. 
With a carbonate such as sodium carbonate the action is 
extremely rapid. With lead carbonate and dilute sulphuric 
acid the action is very slight because lead sulphate is very 
insoluble. When insoluble crusts are formed in the manner 
just described the action may be made more complete by 
having the carbonate finely powdered. 

The Preparation of Carbon Dioxide in the Laboratory. 



Fig. 30. 


1. Carbon dioxide is usually prepared in the laboratory 
by the action of dilute hydrochloric acid on calcium car¬ 
bonate. The calcium carbonate is usually taken in the form 
of marble chips. Heat is not required to start the action. 
The apparatus shown in the diagram may be emplo 3 T ed, or 
a Woulfe’s bottle used, if it is preferred. Kipp’s apparatus 
may also be used if it is desired to stop the current of carbon 
dioxide at will. 
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The action of dilute hydrochloric acid on calcium car- 

tTl D TO TVi n tt L /-v ___ a 1 /-» 11 V/WA 


bonate may be represented as follows. 

Calcium carbonate-f~ Hydrochloric acid 


Carbon dioxide-f- 

chloride-f- Water. 


2 - FA' 18 re q uire <i to dry the carbon dioxide the gas is 

1 hhlPn + hrnn _ ji i i • . - . O ^ 


sulphur 


1 . j 1 w ---jpjLj.vu.xv> C*V>AVA JL 

bottle. I he gas is then collected over mercury 

Q -J-*_* *1 _ • ii _ * * 


shown 


upward dis 


-j.aa^ UCJLIV CaL y DUD 6 

reaches nearly to the bottom of the gas jar and as the gas 
enters the air is forced upward. This is because carbon 
dioxide is much heavier than air. It is usual to place a 
loosely fitting piece of cardboard over the mouth of the gas 
jar to avoid the effect of draughts. The air from the jar can 
easily escape from beneath this loosely fitting lid 


Properties of Carbon Dioxide. 

1. Carbon dioxide is a colourless gas. 

2. It has a very faint smell. It does not allow animals to 
live, but it is formed when animals breathe. 

3. It has a very slight taste. 

4. Carbon dioxide is heavier than air and many interesting 
experiments have been devised to demonstrate this fact. 
Iwo of them will be mentioned here. 

(a) A beaker is placed on one pan of a balance and counter- 
poised as accurately as possible by weights in the other pan. 

When carbon dioxide from a gas jar is poured into the beaker 
the pan containing the beaker sinks down. 

(b) Carbon dioxide is passed into a wide jar or beaker until 
it is about half full. A soap bubble, blown with ordinary air, 
is shaken mto the jar and it is noticed that the bubble floats 
for a considerable time on top of the carbon dioxide. 

5. Carbon dioxide can be turned into a liquid at ordinary 
room temperature by the application of pressure. By a suit¬ 
able arrangement solid carbon dioxide can also be obtained. 
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This is a soft white fluffy substance resembling snow and is 
sometimes called “carbon dioxide snow.” It is also frequently 

referred to as “dry ice,” 
but, of course, it is not ice. 



Soap bubble 


Carbon di'ox/de 


Fig, 31. 


It is extremely cold and is 
used for 


preserving ice 
cream at a low tempera¬ 
ture. It is very useful as 
a means of keeping sub¬ 
stances cool, because when 
it becomes warm it turns 

directly into a gas without first becomi n g a liquid. 

6. Carbon dioxide is fairly soluble in water. It is too 
soluble to be collected over water satisfactorily. At ordinary 
temperatures water dissolves roughly its own volume of 
carbon dioxide, but more carbon dioxide is dissolved when 
the pressure is increased. A solution of carbon dioxide in 
water under pressure is called soda water. All the carbon 
dioxide can be driven off by boiling the solution. 

7. Carbon dioxide turns litmus solution slightly red. The 
colour is often described as “claret red,” or “half red.” Since 
litmus solution is turned red by acids, a solution of the gas 
is sometimes called carbonic acid and carbon dioxide is still 
occasionally referred to as carbonic acid gas. 

8. It does not burn. This can easily be shown by apply¬ 
ing a lighted taper to the mouth of a gas jar containing the 



The gas does not catch alight. 

9. Carbon dioxide does not support the combustion of 
ordinary substances. If, for example, a lighted taper is 
inserted into a jar of the gas it is instantly extinguished. 
A jet of burning hydrogen or coal gas when lowered into 
the gas is also instantly extinguished. 

It may be demonstrated that the gas will not support 
combustion and also that it is heavier than air by pouring a 
jar of the gas on to a lighted candle. The flame goes out 
at once. 
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10. Although carbon dioxide does not allow ordinary sub- 
stances, such as wood, paper, candles, etc. to burn in it vet 
it does support the combustion of burning magnesium If 
a coil of magnesium ribbon, held in a pair of tongs, is lighted 
and then plunged into a jar of carbon dioxide, the magnesium 
continues to burn with loud crackles. Small pieces of carbon 
are spat on to the sides of the jar, and a white powder con¬ 
sisting of magnesium oxide is also formed. The magnesium 

combines with the oxygen from the carbon dioxide and 
leaves the carbon. 

Carbon dioxide-)- Magnesium->- Magnesium oxide-)- Carbon 

11. If carbon dioxide is bubbled into lime water a white 

precipitate consisting of calcium carbonate is formed. This 

is used as a test to show the presence of carbon dioxide and 

it is often expressed by saying that the lime water turns 
milky. 

The chemical name for lime water is calcium hydroxide 
solution. 

Calcium hydroxide-f- Carbon dioxide —> Calcium 

carbonate-)- Water. 

If the carbon dioxide is bubbled through for a consider¬ 
able time the precipitate disappears. This is because a sub¬ 
stance called calcium bicarbonate is formed. Calcium 
bicarbonate is soluble in water. 

Calcium carbonate-)-Carbon dioxide-)-Water_>- 

Calcium bicarbonate. 

12. A solution of sodium hydroxide rapidly absorbs carbon 
dioxide. No precipitate is obtained because the sodium car¬ 
bonate which is formed is soluble in water. The action is 
very similar to that which takes place when carbon 
dioxide is bubbled into lime water. If a stream of 
carbon dioxide is bubbled into sodium hydroxide solu¬ 
tion, sodium carbonate is first formed and then, as more 
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carbon dioxide is passed, sodium bicarbonate is produced. 

Sodium hydroxide-]- Carbon dioxide- > Sodium 

carbonate -f- W ater. 

Sodium carbonate-f-Carbon dioxide-f Water->- 

Sodium bicarbonate. 

There is a similar behaviour with potassium hydroxide 
solution. Potassium hydroxide is very soluble in water and 
a strong solution of this substance is often used when it is 
required to absorb carbon dioxide. 

Potassium hydroxide-{-Carbon dioxide->-Potassium 

carbonate -f- W ater. 

Potassium carbonate-)-Carbon dioxide-)-Water->- 

Potassium bicarbonate. 

13. Carbon dioxide is decomposed by plants in the presence 
of bright sunlight. The carbon is retained to build up the 
plant and the oxygen is given off. An experiment to illus¬ 
trate this has already been described in Part I. 

Uses of Carbon Dioxide. 

1. Carbon dioxide is much used to give a pleasing taste 
to certain beverages. Thus soda water is a solution of carbon 
dioxide in water under pressure. Certain natural waters also 
contain the gas under pressure. 

Soda water is either kept in a strong glass bottle with a 
screw cap or is sold in glass containers called syphons. The 
action of these can be understood from the diagram. 

Beverages, such as beer and “sparkling” wines, also con¬ 
tain carbon dioxide under pressure. Champagne is an 
example of a “sparkling” vine. Precautions are usually 
taken to keep the cork firmly in the bottle by means of 
wire, or a screw cap is used. When the pressure is released 
by opening the bottle some of the gas escapes and small 
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bubbles rise to the surface of the liquid and then escape into 
the air. The liquid is said to effervesce. 



2. A very important use of carbon dioxide is that of 
extinguishing fires. Advantage is taken of the fact that the 
gas is heavy and does not support combustion. Certain 
chemical fire extinguishers consist of a metal case containing 
a carbonate together with a vessel of sulphuric or hydro¬ 
chloric acid. These extinguishers are designed so that the 
acid can readily be brought into contact with the carbonate. 
The pressure of the carbon dioxide produced forces a stream 
of liquid and gas through a small hole in the nozzle which 
is directed at the fire. It must be understood that there are 
also other kinds of fire extinguishers which do not depend 
on the production of carbon dioxide by means of an acid 
and a carbonate. 

Sometimes the fire brigade has difficulty in extinguishing 
an oil fire because the oil floats on top of the water pumped 
on to the fire. In this case another method is employed. 
The fire is sprayed with a material blown into a foam con- 




Plate II.— Foam Extinguisher in Action 
(By courtesy of the Pyrene C-o., Ltd.) 
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sisting of small bubbles of carbon dioxide. The foam is 
lighter than the oil and therefore floats on top of the oil and 
the carbon dioxide then helps to extinguish the fire. 

3. A use of carbon dioxide which has much increased of 

late years is for refrigeration . This word means keepmg 
substances cool. A few years ago solid carbon dioxide was 
not produced on a commercial scale, but an industry has 
grown up for the purpose of keeping ice cream cool. The 
ices sold from tricycles are maintained in a frozen condition 
bv means of solid carbon dioxide. 


Methods of Producing Carbon Dioxide. 

The chief methods of producing carbon dioxide are as 
follows. 


1. The gas is formed when carbon, or substances which 

contain carbon, are burnt in air or oxygen. 

2. Most carbonates, with the exception of sodium and 
potassium carbonates, give off carbon dioxide when they 


are heated. 

3. Carbon dioxide is produced by the action of dilute acids 
on all carbonates. 

4. Fermentation. When beers and wines are made a solu¬ 
tion containing sugars is left to ferment. This process is too 
lengthy to be described here. The chemistry of the action 
is difficult and is not fully understood. Alcohol is produced 

and carbon dioxide is given off. 

5. Carbon dioxide is produced when animals breathe. 

Part of the oxj^gen which is taken into the lungs when 
animals breathe is absorbed by the blood. A chemical action 
takes place between this oxygen and tissues of the body. 
Carbon dioxide is produced and is finally breathed out. The 
air which is breathed out of the lungs therefore contains 
more carbon dioxide and less oxygen than that which is 
breathed in. 
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History. 

Van Hel 


ont, who was born in Brussels in 1577, was the- 



t ^ . -, , ^ -vuuwcui kinds or 

obtained it in° SmSed di ° xide “ a se P arate gas and: 

oDtained it m various ways. The name gas ' 

used by him to describe the gas. 

Joseph Black was bom in France in 1728, but lived most 
IS life in Scotland. The discovery of carbon dioxide was 
forgotten until Black once more investigated the matter very 
thoroughly. Black was a careful and skilful experimenter 
e made carbon dioxide by heating limestone and also by 

acting with acids on limestone. He called the gas fixed air, 

because he thought it had been fixed in the limestone. Black 

also discovered the test for carbon dioxide by shaking it with 
lime water. & 


sylvestre 


QUESTIONS. 

1. Name two elements which occur in all carbonates, 
r mch carbonate is found most plentifully in nature? 

malachite™ 6 ^ S Whi ° h OCCur 111 chalk > dolomite, chalybite, and 

nesitn 0 wj 1 andTnc° f natUraUy oocurrin « carbonates of mag- 

5. Which common carbonates are manufactured? 

b. Name the common carbonates which are soluble in water. 

manufacture Substances whlch use calcium carbonate in their 

glass ? WhlCh carbonates ar e employed in the manufacture of ordinary 

, , 9 : Whf d name i s g iv en to natural substances which are used for 
obtaining the metals they contain? 

10. Give the rule for the action of heat on carbonates. 

7 o’ ru ^ e ^ or tbe act i° n of acids on carbonates. 

1Z .Name the substances used in the usual preparation of carbon 
dioxide in the laboratory. 

13. How is carbon dioxide usually collected? 

How is carbon dioxide usually dried? 

Give four physical properties of carbon dioxide. 

What is soda water? 

What is the effect of carbon dioxide on litmus? 

ce which bums in carbon HimdrlA 


14. 

15. 

16. 

17. 

18. 


stances are produced? 


What 
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10 What is the name of the precipitate formed when carbon di 

oxide is passed into lime water? . , . , , 

20. What is formed when carbon dioxide is passed into lime water 

for a long time? , 

21. Name two other solutions which absorb carbon dioxide. 

22! What gas is given off when carbon dioxide is decomposed by 
plants? 

23. Clive three uses of carbon dioxide. 

24. Give shortly the chief methods of producing carbon dioxide. 

25. Who was the first man to recognise carbon dioxide as a separate 

P 2<3. Who was the man who first made careful investigations into 
the nature of carbonates? 


CHAPTER V 

Acids and Alkalis 


Properties of Acids. 

1. When phosphorus is burned in air, or oxygen, a sub¬ 
stance called phosphorus pentoxide is formed. This substance 
dissolves in water and the solution so formed turns litmus red. 
The solution is said to have an acid reaction. A similar thing 
takes place when sulphur is burned in air or oxygen. The 
substance formed is called sulphur dioxide and the solution 
produced when it is dissolved in water also turns litmus red. 
Phosphorus pentoxide and sulphur dioxide are called acidic 
oxides because acids arc formed when they dissolve in water. 
It will be noticed that they are oxides of non metals. 

2. The word “acid” comes from a Latin word meaning 
This is because the solutions obtained when acids are 

dissolved in water usually have a sharp or SOUT taste. It is, 
however, unwise to experiment with regard to the taste ot 
acids as there is considerable danger of poisoning. The sharp 
taste of a lemon illustrates the property well as it is due to 
:m acid in the lemon called citric acid. Another example is 
the sour taste of vinegar which is due to the presence of 
acetic acid. 


sour. 
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-\ » g substauces ^ich turn litmus red and 

ich ha\ e a sour taste when dissolved in water, acids have 

anous other properties which are useful to remember oC 
hv i' a w ° n met f ls ’ and m the case of sulphuric acid <md 

uh.eh are acted upon when the acids are dissolved in water 
o make them dilute. In this instance hydrogen is given off 
but m many other cases when acids act on metals hydrogen 
is not given off. Mainly because of their action on metals 

‘th‘t\“.t ° r Said t0 b<? corrosive substances, which means 

tJicit materials arc eaten away. 

4. \11 common dilute acids act on carbonates and carbon 

uioxj'Jc is given ofl. 

5 Lavoisier thought that all acids contained oxygen and 

that is Why J e called the gas by this name, which means 

!’ J’ ro<lu< ‘" r - 1 ' avo,sl<Jr was wrong. A large number of 
***** C '“ W,m ox y? v »’ bnt others are known which do not 


contain hydrogen 


commonly used in the 


contain oxygen. However 
r'u.MMox Anns. 

!• 1 !»'■ acjils which are most 

la bn; a tore arc 

♦ 

sulphuric* acid, 
hydrochloric acid, 
nitric acid, 

lie s, arc sometimes called mineral acids. They are all very 
important substances. Indeed, sulphuric acid is probably the 
most important chemical manufactured. 

Sulphuric acid and nitric acid are both liquids which are 
dan-emus unless handled carefully. When they are dissolved 
m a good deal of water they arc said to be dilute. The actual 
degree of dilution of the bench bottles of the dilute acids 
\ancs with the laboratory. Usually the concentrated acida 
are added to water about three or five times their volume. 
Hydrochloric acid is a solution in water of a gaa called 
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hydrogen chloride. Solutions which are nearly saturated are 
called concentrated hydrochloric acid. Concentrated hydro¬ 
chloric acid gives off fumes when exposed to the air. When 
concentrated hydrochloric acid is added to a good deal of 
water the acid is said to be dilute. In order to prepare dilute 
hydrochloric acid the concentrated acid is usually mixed 
with about three times its volume of water. Dilute hydro¬ 
chloric acid does not fume when exposed to the air. 

2 . A number of acids are common in everyday life. 
Familiar examples are acetic acid and citric acid. These 
are called organic acids. Acetic acid occurs in vinegar and 
is responsible for its smell and sour taste. Citric acid is the 
substance responsible for the sour taste in lemons. 


Alkalis. 

When magnesium is burned in air, or oxygen, a substance 
called magnesium oxide is formed. This substance dissolves 
slightly in water and the solution formed turns litmus blue. 
It is said to be alkaline in reaction. 

Important alkalis are sodium and potassium hydroxides. 
The substance left after a piece of sodium has acted on water 
is a solution of sodium hydroxide. A piece of litmus paper 
is turned blue when it is dipped into the solution. If the 
solution is evaporated to dryness white solid sodium 
hydroxide is obtained. Actually, solid sodium hydroxide 
is never made quite in this maimer. Sodium hydroxide is 
an important substance and the manufacture of it is an 
important industry. Sodium hydroxide is often called 

caustic soda. 


Potassium hydroxide is formed in a manner similar to that 

1 .' 

used for sodium hydroxide. The solution turns litmus blue, 
and in general it is a very similar substance. Potassium 
hydroxide is often called caustic potash. 

Another common alkali is ammonium hydroxide. This 
substance, which is formed when a gas called ammonia is 
dissolved in water, also turns litmus blue. 
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The word ‘‘alkali” is applied to other substances besides 
sodium, potassium, and ammonium hydroxides. Solutions 
of sodium, potassium, and ammonium carbonates also turn 
litmus blue and these substances are often referred to as 
alkalis. It can be seen, therefore, that the word “alkali” is 

a somewhat loose term. A much more definite term is “base” 
which is dealt with in Chapter XV. 

Indicators. 

Solutions of certain substances have their colours changed 
when they are added to acids or alkalis. These substances 
are called indicators. Litmus is a very well known indicator 
in elementary chemistry and two others which are commonly 
used are called methyl orange and phenolphthalein. Methyl 
orange dissolves readily in water, but phenolphthalein is not 
very soluble and is usually dissolved in alcohol. The colours 
which solutions of these substances turn with acids and 
alkalis are given in the following table. 

INDICATOR COLOUR WITH ACIDS COLOUR WITH ALKALIS 

Litmus Red Blue 

Methyl orange Red Yellow 

Phenolphthalein Colourless Reddish purple 

In advanced chemistry many other substances are also used 
as indicators. 

Neutralisation. 

A solution of an acid, such as sulphuric acid, turns litmus 
red. Sodium hydroxide solution turns litmus blue. If some 
sulphuric acid is taken and just sufficient sodium hydroxide 
solution added to it, the solution obtained turns litmus 
neither red nor blue. The sulphuric acid is said to be 
neutralised by the sodium hydroxide. 

Salts. 

If the solution obtained after neutralising sulphuric acid 
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with sodium hydroxide is carefully evaporated and then 
allowed to cool crystals of a substance called sodium sulphate 
are obtained. Sodium sulphate is called a salt. The sodium 
sulphate has been formed b}' a chemical action taking place 
between the sodium hydroxide and the sulphuric acid. 

Sodium hydroxide-]-Sulphuric acid—Sodium sulphate+ 

Water. 


Similar actions occur with other acids. Thus sodium 
hydroxide acts on nitric acid and hydrochloric acid to pro¬ 
duce sodium nitrate and sodium chloride. Potassium 


hydroxide forms potassium salts and ammonium hydroxide 


forms ammonium salts. 

The salts of sulphuric acid are called sulphates. 
The salts of nitric acid are called nitrates. 


The salts of hydrochloric acid are called chlorides. 

Salts may be formed in other ways besides the addition 

of an alkali to an acid. The principal methods of preparing 

salts are dealt with in Chapter XV, but two other waj T s may 

be mentioned here. Salts are produced when acids act on 

metals and oxides of metals. In order to form a salt by the 

action of an acid on the oxide of a metal heat is usually 

1 / 

necessary. The method is well illustrated by the preparation 
of crystals of copper sulphate. Details of the preparation are 
given in Chapter XV. 


Sc mm ary of Properties of Acids. 

1. Solutions have a sour taste. 

2. Solutions turn substances called indicators character¬ 
istic colours, e.s. r . litmus is turned red. 


«> 

o 


All acids contain hydrogen. 
4. They often act on metals. 


5. Solutions act on carbonates to give off carbon dioxide 


Summary of Prorerties of Alkalis. 

1. They are compounds of metals or ammonium 
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2. Soluble in water. 

3. Solutions turn substances called indicators character¬ 
istic colours, e.g. litmus is turned blue. 

4. They act on acids to give substances called salts. 

Summary of Properties of Sauts. 

1. Salts are usually crystalline substances. 

2. Salts vary a great deal with regard to their solubility 

in water. J 

3. Salts are formed when acids act on alkalis. They may 
also be produced in other ways. 


QUESTIONS. 

1. Which element is contained in all acids? 

2. State the action of acids on carbonates. 

3. Name the metals which are acted upon by dilute sulphuric acid. 

4. Name the metals which are acted upon by dilute hydrochloric 
acid. 

5. Name the three common mineral acids. 

6. Name two organic acids which are familiar in everyday life. 

7. What is hydrochloric acid? 

S. What is caustic soda? 

9. What is caustic potash? 

10. Which gas is dissolved in water to form ammonium hydroxide? 

11. Name three carbonates which are called alkalis. 

12. Mention three common indicators. 

13. Give the word used to describe the action of mixing solutions. 

of an a.cid and an alkali so that the resulting solution has no action 
on an indicator. 

14. State the names given to the salts obtained from, sulphuric acids, 
hydrochloric acid, and nitric acid. 


CHAPTER VI 


Flame 

When a gas bums both heat and light are given out and. 
what is known as a flame is produced. It may happen that 
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a solid or a liquid burns with a flame, but in this case the 
substance first turns into a gas and then the gas burns. 

When things burn a chemical action takes place. It has 
already been shown in the previous book that when things 
bum in air they combine with the oxygen. Examples will 
be met with later of things burning in other gases besides air. 


Ignition Temperature. 

Before a substance will burn it must be raised to a certain 
temperature. This temperature is called the ignition tempera¬ 
ture. The fact that a substance will 

Candle flame not burn until it has reached a 

certain temperature may be illus¬ 
trated by inserting a coil of thick 
copper wire into a candle flame. The 
heat is conducted away so quickly 



Thick copper 
wire 


Fio. 33. 


that the temperature falls below the 
ignition point and the flame goes out. 
If a coil of thin wire is taken it is probable that the flame 
will not be extinguished because the heat is not conducted 

away quickly enough. 

The gas which is supplied to us in the home from the gas 
works is called coal gas. It is made by heating coal in fireclay 
retorts. After being purified it is sent along pipes to our 
houses. If coal gas is turned on from the tap the gas does 
not burn unless a flame is applied. This is because the 
temperature is too low. The flame from a match raises the 
temperature so that the coal gas burns in the air. Once the 
burning has started the heat of the chemical action is sufficient 
to cause the rest of the gas to burn, and so we obtain the 
familiar flame. 

The fact that coal gas will not burn below a certain temper¬ 
ature can be shown by the following experiments. A piece 
of wire gauze, preferably made of copper, is placed above the 
top of a bunsen burner. The gas is then turned on and a 
light applied above the gauze. The gas lights above, but 
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does not light below the gauze. This is because the wire 
gauze is a good conductor of heat and the heat is conducted 
away so quickly that the temperature of the gas below the 
gauze does not reach the ignition temperature. Similarly, if 
a bunsen burner is lighted and a piece of wire gauze is pressed 

F/eme 



W/r e gduz e experiments 

Fig. 34. 


down on to the flame it is found that the flame spreads out 
below the gauze and does appear above. If, however, the 
gauze is allowed to become red hot it may happen that the 
flame of the coal gas bursts through because the ignition 
tempei ature is reached above, as well as below, the gauze. 

The Davy Lamp. 

Many serious accidents have occurred in coal mines on 
account of explosions. These are mainly due to the presence 
of an inflammable gas called methane, known to the miners 
as fire damp. This gas, which may be released when the 
coal is cut, forms a mixture with the air which will explode 
if a light is applied. On account of the number of serious 
accidents which had been occurring in coal mines, Sir 
Humphry Davy was asked in 1815 if he could invent any¬ 
thing to prevent them. Davy performed experiments on 
flame similar to those just described and, as a result of his 
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experiments, invented a safety lamp. He came to the con¬ 
clusion that the mixture of gas and air would not reach the 

ignition temperature 

if the flames in the 
miners’ lamps were 
surrounded by wire 
gauze. Air could 
enter through the 
meshes of the gauze 
and the flame could 
also be seen, thus 
giving illumination, 
but the presence of 
the gauze would pre¬ 
vent the flame from 
raising the gas out¬ 
side the lamp to the 

ignition temperature. 
The early miners’ 

safety lamps suffered from certain defects. The light given 
was poor, owing to the obstruction oi the ware gauze, and 
if a strong wind was present the flame might be driven 
through the mesh and an explosion result. The modern form 
of safety lamp is shown in the diagram. The flame is sur¬ 
rounded by glass and the iron gauze above is surrounded by 
an iron jacket. Space is left for air to enter and air and 
waste gases to leave. Oil safety lamps are sometimes used 
in garages when people want their cars kept warm in winter, 
but electric heaters are now also much used. 



A 


r> 


* a v y 

Fig. 35. 


Z amn 


The Zones of a Flame. 

If a candle flame is examined it will be noted that it is 
not the same colour throughout. A similar thing is observed 
with the flame of an oil lamp or a coal gas flame. The fact 
that the different parts of a flame are of different colours 
means that the gas is in different states in these parts. The 




68 


CHEMISTRY FOR SCHOOLS—PART II 


various parts are called zones. The chief zones of a candle 

fl n WV J ^ _1 n -■ . _ 


shown 


_ Mant/e 

—Luminous _ 

portion 

Blue portion 


Cand/e flame 


Coal gas flame 


Fig. 36. 


the edge of the flame is a thin practically non-luminous 

mantle of hot gas. The rest of the flame consists mainly 

of two portions. On the outside is a white luminous portion 

and at the centre is a blue portion consisting of cool un¬ 
burnt gas. 

A number of interesting experiments may easily be per¬ 
formed to show that the centre of a flame consists of cool 
unburnt gas. 

If a wood splint is held 
across a luminous coal gas 
flame for a few moments and 

then taken out charred por- 
Wood splint tions occur on both sides of 

Fig. 37. the centre, while the centre 

itself is uncharred. 

A very pretty little experiment is to support an unused 
match by means of a piece of thin wire or a pin, with its 
“live” end projecting above the top of a bunsen burner. 
The air hole of the burner is closed and the gas lighted. The 



r 

9 
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match does not catch alight unless a draught blows the 
flame about. 



Fig. 38. 


A piece of wire gauze is pressed low down on to a bunsen 
flame so that the flame 
bursts through when the P :: bjUj{] 


gauze becomes red hot. 
The part of the gauze over 
the centre of the flame 
remains black because it 
is cold. Round the black 
spot is a red hot ring. 

A very conclusive 
experiment to 
show that the 
centre of a flame 



consists of un¬ 
burnt gas is to 
draw off some of 
the gas and burn 
it outside the main 
flame. A piece of 
glass tubing, one 
end of which is 
narrowed to a jet, 


Unburnt 


Red hot portion 
Stack portion 


Wire gauze . 


Fig. 39. 



Smalt Siam e 


C/ass tube 


Fig. 40. 
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is inserted into the centre of a luminous gas flame as shown 
in the diagram. On applying a light at the jet a very small 
flame appears. The experiment can also be performed with 
a candle flame, but it is much more difficult to obtain success, 
as the wax tends to solidify in the glass tube. If the tube is 
heated to turn the wax into a gas it is sometimes possible to 
obtain a small flame at the jet. 

The Luminosity of Flames. 

The amount of light given out when a substance burns is 
called the luminosity. It depends upon the following. 

1. The kind of gas which is burning. 

2. The temperature of the flame. 

3. The pressure of the atmosphere in which the gas is 
burning. 

Some gases burn with flames which are only very slightly 
luminous, whereas others are remarkable for the light they 
give. For example, when pure hydrogen is burning in an 
atmosphere which is nearly free from dust, the flame is 
practically invisible. On the other hand, an ordinary coal 
gas flame can easily be seen, and the flames of burning 
magnesium and phosphorus are renowned for the light they 
give. In the last two cases the solid substances turn into 
gases when they burn. . 

When substances which have carbon in their composition 
are burnt the flames obtained are sometimes very luminous. 
One of the causes of the luminous appearance of the flames 
of substances such as oil, candles, and coal gas is the presence 
of unburnt carbon in the flames. It is considered that the 
carbon is raised to a white heat and that it then burns at 
the edge of the flame. An experiment which is sometimes 
used to demonstrate the fact that a flame, such as a candle 
flame, contains unburnt carbon is to place a piece of cold 
porcelain in the flame. A deposit of carbon soon appears on 
the porcelain. This experiment, however, does not con- 
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clusivelv prove that the flame is lu min ous because of the 
presence of white hot carbon. Other evidence, which cannot 
be dealt with here, is available. 

Usually it can be said that the luminosity of a flame 
increases with its temperature. The experiment already 
mentioned of placing a coil of thick copper wire in a candle 
flame shows that w T hen the flame is cooled it becomes less 
luminous. The flame can be made to appear very dim with¬ 
out being actually extinguished. This is because the heat is 
conducted rapidly away by the copper and the temperature 
is lowered. 

The luminosity of a gas flame depends on the pressure of 
the atmosphere in which the gas is burning. If the pressure 
is high the flame is more luminous than if the pressure is low. 


Tiie Bunsen Burner. 


The bunsen burner was invented by Professor Bunsen in 

Coal gas was being used to light the town of Heidelberg 
and Bunsen tried to 



And 


of 


some way 
employing the gas 
without suffering the 

inconvenience of a 
smoky flame. The 
appearance of the 
original bunsen 
burner was rather 


A 

Compression 

chamb er 


/r 




i 


Coa/ 



unlike 


was 

that 


of the 


The bunsen burner 

Fig. 41 


burner at present in 
use in our labora¬ 
tories, but its construction was based on the same principles, 
e have seen that the centre of a flame consists of cool 


unburnt gas. Also, the ordinary coal gas flame is smoky 
because of the presence of unburnt carbon. The bunsen 
burner is designed to introduce air into the centre of the 
flame. This causes more complete burning and the flame 
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becomes hotter and much less luminous. The modern bunsen 
burner is constructed in the manner shown in the diagram. 
The coal gas enters a chamber called the compression 
chamber and leaves through a small hole at the top. Above 
the compression chamber is a brass tube with a hole which 
can be opened or closed by means of a movable collar. The 
rush of gas draws in air through the hole and thus more air 
is supplied in the centre of the flame, which is where the gas 
needs it for more complete burning. 

The ordinary coal gas flame which is obtained when the 
air hole is closed is a large, flickering, luminous flame. If air 


Lum/nous 

F/ame 


B/ue portion 


Ordinary gas 
f/ame 



A/on /ominous f/ame 


B/ue portion 


Bunsen F/am 


Fig. 42. 


is gradually admitted by opening the air hole, the flame loses 
its luminosity and becomes smaller and less flickering. The 
blue part in the centre of the flame also gets smaller. The 
appearance of an ordinary coal gas flame compared with that 
of a bunsen flame is shown in the diagrams. 

If the supply of gas is gradually diminished by turning off 
the gas tap and the air hole is kept fully open the flame 
becomes smaller and may disappear down the brass tube 
and burn at the top of the compression chamber. This is 
called striking back. It is a sign that too much air is being 
admitted for the quantity of gas which is being supplied. 
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: burning then takes place too quickly. Special burners 
sometimes used which allow more air to be admitted than 


tt-ith the ordinary bunsen burner. The 
vented froi 


wire 


lJIUUUU. VA VXAV/ --*/ X 

place and a very hot flame results. 


burning 


The Use of Coal Gas m the Home. 

The principle of the bunsen burner is employed when coal 
gas is used in the home. Gas cooking stoves have gas rings 
and an oven. An examination of a gas stove shows that 
provision is made for air to mix with the coal gas before 
burning. Usually the air holes are made of such a size that 
no further adjustment is necessary to obtain a satisfactory 
mixture of air and gas for burning. Gas fires are sometimes 
provided with an adjustment for the air, but it is not easy 
to see. When a gas fire persists in roaring it is an indication 
that too much air is being supplied and a simple adjustment 

results in the production of a quiet flame. 

Nowadays when gas is used for illuminating purposes a 
“gas man tie” is employed. A non luminous flame is obtained 
bv means of a mixture of gas and air on the bunsen burner 
principle and this flame heats a specially prepaied, very 




Sht f/orn which 
g&s is burnt 


Enlarged p/on 
of burner 


F 
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fragile, piece of gauze made from certain minerals. The 
gauze, which is called a mantle, gives out a very bright light 
when it is hot and is said to become incandescent. Con¬ 
sequently, such mantles are often referred to as incandescent 
gas mantles. The phenomenon of incandescence is discussed 

more fully later. 

Coal gas is used mainly nowadays for the heat it gives out 

when it burns and many people are aware that their gas bills 
are calculated on this principle. 

At one time gas was also used in the home for the illuminat- 

ing power of its flame when burning. Before the invention 

of the incandescent gas mantle the coal gas was burned from 

special burners, such as the batwing burner shown in the 

diagram. In this way the flame was spread out to give a 
broad luminous surface. 


Blowpipes. 

The object of a blowpipe is to give a hot flame which can 
be directed as desired. 

A mouth blowpipe is used to force a stream of air from the 
mouth on to a small coal gas flame. The diagram shows a 
typica 1 design for a mouth blowpipe. The air hole of a bunsen 
burner is closed and a small luminous flame obtained. Air 
is then blown from the mouth through the blowpipe at the 

side of the flame. A 
J small hot flame is 

f— - thus obtained which 

/ Jec \lfl F/ame * s occasionally used 
/ in chemical labora- 

I tories. With practice 

/ a continuous blast 

/ . may be maintained 

j J Air by breathing through 

the nose and puffing 
Mouth 6/o wpipe out the cheeks to form 

Fig - 44. a reservoir of air. 


Jec 


Flam 


in 


Mouthpiece 


t 


Air 


Mouth 6/owptpe 


Fig. 44. 
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If a hotter, larger flame is desired, air is introduced into 
the middle of a coal gas flame by means of foot bellows. The 
experiments already described show that the middle part of 
a coal gas flame consists of cool unburnt gas. In the bunsen 
burner a hotter flame is produced by the rush of gas drawing 
in air. With a foot blowpipe a still hotter flame is obtained 
by foot bellows forcing in air through a central tube sur¬ 
rounded by a wider tube. Coal gas flows through the outer 
tube. The supplies of gas and air can be regulated by means 
of taps and the size of the flame is altered accordingly. 
Sometimes a single control is supplied which automatically 
regulates the mixture of air and gas. 

Coal g<as 

A,r 

Cos/ 


—Coal gas 

(0f-A,r 


Foot b/owp/pe 
Fig. 45. 

The ordinary foot blowpipe is very useful in a chemical 
laboratory when a somewhat hotter flame than that obtain- 
able by means of a bunsen burner is required. It is found 
useful in laboratories for working certain modern kinds of 
glass which are difficult to melt in the ordinary flame. If 
still greater heat is required the air may be replaced by 
oxygen supplied from a cylinder. 

Sometimes greater heat still is needed. In this case the 
air is replaced by oxygen and the coal gas is replaced by 
hydrogen. The gases are supplied from cylinders. This is 
the principle of the oxyliydrogen blowpipe. 

The hottest flame known is that of the oxy-acetylene blow¬ 
pipe. Acetylene is a gas which burns with an extremely 
luminous flame in air. When oxygen is introduced into the 

CD 

flame most of the luminosity disappears and a temperature 
of over 3000° 0. is produced. It is used for cutting iron 
and steel. Jn order to do this the iron is heated to a high 
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temperature by the oxy-acetylene flame and a jet of oxygen 

is then turned on from a third tube. The iron actually bums 

with showers of sparks and is cut as desired by moving the 
blowpipe. 

Oil Burners. 

The principle employed in the bunsen burner of mixing air 
with the gas before it bums in order to obtain a hot non 



Fig. 46. 


connection 


types 


turn 


it into gas before it mixes with the air. For example, the 
blow lamp employs either paraffin or petrol which is turned 
into vapour and then mixed with air before it ignites. The 
paraffin is pumped through a narrow tube and issues from a 
small hole. The first lot of paraffin is turned into a vapour 


by a little burning methylated spirit. 


Once the blow lamp 
will continue to turn 


into a vapour because the tube is coiled in such a way that 
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passes 


necessary occasionally to keep up tlie pressure. When it is 
desired to stop the flame the pressure on the paraffin is 
released by opening a valve. A hot, roaring, non luminous 


finds 


typical 


v «■ ^ — - c j 

lamp. Oil stoves which work on the same principle are manu¬ 
factured for cooking purposes and are often used at picnics. 
Also, paraffin oil lamps which heat a mantle until it is incan¬ 
descent, in the same way as the incandescent gas mantle, are 
sold for illuminating purposes. 


Combustible Substance and Supporter oe Combustion. 

When a substance, such as a piece of wood, burns in air 
the wood is said to be the combustible substance and the 
air is called the supporter of combustion. When one gas 
burns in another gas it does not matter from a chemical point 
of view which is the combustible substance and which is the 



supporter of combustion. The process is simply a chemical 
action taking place. It should therefore be possible for air 
to burn in coal gas as well as lor coal gas to burn in air. 
The problem is to obtain a flame of air surrounded by an 
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atmosphere of coal gas. The diagram shows a method bv 
which this can be done. J 

A glass lamp shade is fitted at the lower end with a rubber 
stopper bored with two holes and at the top end with another 
rubber stopper or brass cap with a single hole. Two pieces 
of glass tubing, one wide and the other narrow, pass through 
the bottom stopper. The hole marked C is closed and a gentle 
current of coal gas is passed in through the tube A. When 
the glass is filled with gas a light is applied at B. The hole 
at C is then opened and the flame, which was at the bottom 
of tube B, runs up the tube and appears as a feeble flame 
of air burning in the coal gas in the lamp shade. The coal 
gas, which is escaping at C, may then be lighted, thus show¬ 
ing coal gas burning in air and air burning in coal gas at the 
same time. In order that the experiment may be successful 
it is necessary that the tube B shall be much wider than the 

tube A. If a narrow tube is used the flame goes out when 
the hole at C is opened. 

Combustion and Incandescence. 

The flame produced when a substance burns is a particular 
example of what is known as combustion. The things neces¬ 
sary for combustion to take place are 

1. Heat. 

2. Light. 

3. Chemical action. 

When we have both heat and light, but no chemical action, 

the phenomenon is referred to as incandescence. These two 
terms must not be confused with one another. 

Often we make use of the heat given out during combustion 
to make another substance incandescent. For example, the 
incandescent gas mantle is made to become white hot by 
means of a non luminous gas flame produced on the bunsen 
burner principle. Actually, the flame is not entirely non 
luminous, but only very little light is given out by it. Simi- 
larly, a small cylinder of lime m.&y be made incandescent by 
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an oxy-hydrogen blowpipe flame. The resulting illumination 
is known as the lime light. This was formerly much used 
in theatres when a powerful beam of light was directed on 
to the actors, and this is the origin of the expression “to be 
in the lime light.” The light produced from an incandescent 
cylinder of lime was used to provide the beam in optical 
lanterns, but the lime light is not much used now. It has 
been replaced by light produced by electrical means. In the 
ordinary household electric lamp a coil of thin wire is made 
incandescent by passing an electric current through it. The 
current has a heating effect and quickly makes it white hot. 


Rapid Combustion. 


When very rapid combustion takes place explosions are 
produced. The combustible substance and the supporter of 
combustion must be mixed in such proportions that very 
rapid combustion is possible. If the process of combus¬ 
tion is then started at one point the combustion travels very 
rapidly through the mixture. 

The explosion of mixtures of hydrogen and oxygen by 
means of a eudiometer has alreadv been mentioned. The 
combustion in this case is started bv means of an electric 

•u' 


spark and if the gases are 
In the proportion of two 
volumes of hydrogen to 

o 

one of oxygen the explo¬ 
sion produced may be 

verv severe. 

« • 

An attractive experi¬ 
ment to show the explo¬ 
sion of a mixture of coal 
gas and air mav be demon- 
strafed by fitting up ap¬ 
paratus similar to that 
indicated in the diagram. 


W/'die 
tube 


Stout y/ass 
bott/e - 


/Or 



F/ame of 
coat yas 



Air 


\ 

fiarro ^ 

tube 


Co a/ ya s 


% 

j 


Fig. 4S. 
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Coal gas is passed through the narrow tube for some time 

until the bottle is filled. The tube is then disconnected from 

the supply of coal gas and the gas is ignited at the end of 

the wide tube. As the gas burns air enters the bottle through 

the narrow tube to take its place. The flame gradually 

becomes smaller and less luminous and finally travels rapidly 

down the wide tube until it reaches the bottle. When this 

happens the combustion is so rapid that the mix ture of coal 

gas and air which remains in the bottle explodes with a bright 

flash. It is best to stand some distance away to observe the 
progress of the experiment. 

Another experiment to show the explosive effect of very 

rapid combustion may be performed by means of very finely 

powdered coal dust or charcoal. A thin layer of the material 

is spread over the bottom of a gas jar and oxygen is then 

passed in until the jar is filled with the gas. A cover is placed 

over the jar which is then well shaken. If the cover is now 

removed and a light applied by means of a long taper an 
explosion takes place. 

Slow Combustion. 

Sometimes a chemical change in which the oxygen of the 
air is used up takes place so slowly that there is no combus¬ 
tion in the ordinary sense of the word. That is to say, no 
flame is produced, although chemical action takes place and 
heat is given out. An example is provided by decaying vege¬ 
table matter which combines with oxygen when left exposed 
to the air. This process is sometimes referred to as slow com¬ 
bustion. Another example of a somewhat different type is 
the action of air on certain oils, such as linseed oil. If the 
heat which is generated during these processes does not 
escape because of bad ventilation the temperature may rise 
high enough for the mass to burst into flame. 
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1. What does a flame consist of? 

2. How is coal gas prepared? 

3. What is the name given to the temperature below which a 
substance will not burn? 

4 . What material prevents the flame in a Davy lamp from igniting 

the inflammable gas? 

5. What are the main zones of a flame. 

0. Mention four experiments to show that the centre of a flame con¬ 
sists of cool unburnt gas. 

7. Give the factors which affect the luminosity of flames. 

8. What is the name given to the chamber from which the gas 
enters the tube of a bunsen burner? 

9. What is mixed with the coal gas before it bums at the top of 

a bunsen burner? 

10. What name is given to the phenomenon which occurs when the 
flame of a bunsen burner runs down the tube and bums at the jet? 

11. Why was a batwing flame formerly used in the home? 

12. Mention examples where the bunsen burner principle is 
employed when gas is used in the home. 

13. How is the price of gas supplied to the home calculated? 

14. Why are blowpipes used? 

15. What flame is used with a mouth blowpipe? 

16. Give the principle on which blowpipes employing two gases 
work. 

17. Mention the blowpipes which employ two gases. 

18. What is the hottest flame known? 

19. What fuel is used in a blow lamp? 

20. Give the meaning of the term “combustible substance.” 

21. Give the meaning of the term “supporter of combustion.” 

22. Draw the apparatus used to demonstrate that air will bum in 
coal gas. 

23. What things are necessary for a chemical action to be called 
combustion? 



Chemical Change 


The Nature of Chemical Change. 

In order to understand the meaning of the expression 
“chemical change” it may be stated very simply that when 
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. . | — ^ ^ substances different 

' e original substances are formed. An example will 

ns clear. When a piece of magnesium wire or ribbon 


-- 

powder is formed. 


brilliant 


coolin 


, , —O> pieue OI mag 

nesium is not obtained because a new substance, called magne 
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chemical 


# j^xcvuajj.u.xu. wire IS 

heated it gives out light and is said to become incandescent. 

On cooling, it resumes its original appearance and apparently 

no new substance has been formed. Ho chemical change has 
taken place. 6 


Indications of Chemical Change. 

It is not always easy to decide whether a chemical change 
has taken place. It has already been stated that it is neces¬ 
sary to find out whether one or more new substances have 
been formed, but there are occasions when this is a very 

difficult thing to do. Some of the indications which help in 
arriving at a decision are as follows. 

1. In the majority of cases when a chemical change occurs 
heat is given out or taken in. This is well illustrated by the 

in oxygen. In order to start 
he change it is necessary to heat the magnesium, but once 

the action has begun it continues on its own and a great deal 
of heat is given out. 

2. Chemical changes are not usually easily reversed by 

reversing the conditions which caused them. For example, 

when the magnesium oxide is cooled it does not change back 
to magnesium and oxygen. 

3. If any one of the substances taking part in a chemical 
change is considered it is found that there is also a ch ang e 
in weight. The magnesium oxide produced when magnesium 
burns in oxygen weighs more than the original magnesium. 
If all the substances are considered, however, there is no 
total change in weight. When magnesium bums in oxygen 
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the total weight of the magnesium and oxygen at the begin¬ 
ning of the experiment is the same as the weight of the 
magnesium oxide formed and the oxygen left over. 

Many other examples of chemical changes may be thought 
of, such as the action of heat on potassium chlorate, the action 
of dilute acids on metals, and the action of dilute acids on 
carbonates. 

The Law of the Conservation of Matter. 

It has just been stated that although there is a change in 
the weight of any particular substance which takes part in 
a chemical action, there is no change in weight if all the 
substances which take part are considered. This fact is 
expressed generally in a statement which is called a law. 
The law states that matter can neither be created nor 
destroyed. Sometimes the law is called the law of the 
conservation of mass and sometimes the law of the indes¬ 
tructibility of matter. 

If one substance gains or loses in weight in a chemical 
action then one or more other substances must lose or gain 
an equal weight. A substance cannot be created or made 
from nothing and substances cannot be entirely destroyed. 
In other words, if one thing gains, another loses. 


Experiments to Illustrate the Law. 


It is not always easv to 
devise simple experiments to 
show that there is no chance 
in the total weight of all the 
substances which are taking 
part in a chemical action. 
There are, however, certain 
cases where the law mav be 

4 

easily and satisfactorily 

1 t 

illustrated. 



Fig. 49. 
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Some iron filings are placed in a conical flask and a little 
water is added to ensure that the conditions are suitable for 
rusting. The flask is then fitted with an airtight rubber 
stopper and carefully weighed. After leaving for some days 
so that the iron filings have had time to rust, the flask and 
its contents are weighed again. It is found that the weight 
is unaltered. The law has therefore been illustrated by show¬ 
ing that there is no total change in weight after the chemical 
action. 

2. Another experiment to illustrate the law may be per¬ 
formed with phosphorus. A piece of yellow phosphorus is 
carefully dried with the usual precautions and placed in a 
small round-bottomed flask which is then fitted with an air- 
tight rubber stopper. The flask and its contents are weighed. 
The phosphorus is very gently heated by means of a very 
small flame, a duster being held as a shield in case the flask 


A 


bursts. The phosphorus 
burns and uses up oxygen. 

After cooling, the flask 
and contents are weighed 
again and it is found that 
there is no change in 
weight. 

3. There are many ex¬ 
amples of chemical actions which occur when solutions of 

different substances are mixed and these may also be used 
to demonstrate in a very simple manner the law of the con¬ 
servation of matter. Special pieces of apparatus are sold for 

the purpose, but the apparatus shown in the diagram is 
simple and works well. 



Some copper sulphate solution is placed in a conical 
flask. A small test tube containing sodium hydroxide solu¬ 
tion is then carefully lowered into the flask by means of a 
piece of thread tied beneath the rim. Care is taken not to 
spill any of the contents of the test tube into the copper sul¬ 
phate solution and the thread is dropped into the flask. The 
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Airtight rubber 
stopper 


flask is fitted with an airtight rubber stopper and weighed. 
If the flask is now tilted to one side it will be found that the 
sodium hydroxide solution 
can be poured from the 
test tube into the copper 
sulphate solution. A 
chemical action takes 
place. This is shown by 
the fact that a light blue 
solid called a precipitate 
appears in the copper sul¬ 
phate solution. The flask 
and contents are now 
weighed again and it is 
found that there is no 
chanse in weight. 

o c? 



Sodium hydrox/de. 
so/ution 


oper su/ph&te 
so/ot/on 


Fig. 51. 


The experiment ma} r be repeated with other pairs of solii- 
tions which give a chemical action when mixed together. A 

similar result is obtained in each case. 

Many experiments have been made by chemists to test 
the truth of the law of the conservation of matter. Great 
care has been taken and much greater accuracy obtained 
than is possible in a junior chemical laboratory. The results 
obtained indicate that, as far as skill and care can show, the 
law is true. 


vyiYPES of Chemical Change. 

There are various kinds of chemical changes known, but 
nearly all the chemical actions dealt with in elementary 
chemistry belong to one or other of the following groups. 

1. Combination. 

2. Simple decomposition. 

3. Replacement or substitution. 

4. Double decomposition. 

Combination. When two or more substances combine 
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together chemically to form one other substance only the 

chemical change is called combination. An example of com- 

bmation is found when mercury is heated for a long time in 

oxygen. The two elements combine together to form mer¬ 
curic oxide. 


Mercury-f- Oxygen 


Mercuric oxide. 


Other instances of combination may readily be thought 

of, such as the formation of carbon dioxide when carbon is 
burnt in oxygen. 

Simple decomposition. When one substance splits up into 
two or more substances simple decomposition is said to take 
place. An example is found in the formation of mercury and 
oxygen when mercuric oxide is heated. 

Mercuric oxide->• Mercury-j-Oxygen. 

Other instances of simple decomposition are: 

(a) The action of heat on lead peroxide. 


Lead peroxide 


Lead monoxide-f-Oxygen 


(b) The action of heat on potassium chlorate. 


Potassium chlorate 


Potassium chloride-j-Oxygen 


(c) The electrolysis of water. 


Water 


Hydrogen-f Oxygen. 


Sometimes the chemical change called simple decomposi¬ 
tion is referred to merely as decomposition, the word “simple” 
being omitted. 

Replacement or substitution. When an element turns 

another element out of a compound and takes its place, the 
action is called replacement or substitution. For example, 
if a piece of iron is dipped into copper sulphate solution the 
iron becomes coated with a layer of copper. What has really 
happened is that some of the iron has turned out some of 


the copper from the copper sulphate solution and that the 
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copper which has been turned out has formed a coat over 
the rest of the iron. It is not advisable to use a penknife for 
this experiment as the steel blade will be spoilt. The action 
may be seen better if excess of iron filings is added to a solu¬ 
tion of copper sulphate. The blue colour of the solution 
changes to a light green on account of the formation of 
ferrous (iron) sulphate in place of the copper sulphate. At 
the same time a deposit of powdered copper is produced. 
The action may be summarised as follows. 


Copper sulphate-]-Iron->-Ferrous sulphate-}- Copper 

Other cases are also known where one metal will turn 
another metal out of its compounds and take its place. Thus 
zinc will replace silver when placed in a solution of silver 
nitrate. 

A familiar example of replacement is the action of zinc 
on dilute sulphuric acid. The zinc turns out the hydrogen 
from the sulphuric acid and takes its place. The compound 
produced is called zinc sulphate. 


Zinc-]- Dilute sulphuric acid- >■ Hydrogen-f- 

Zinc sulphate. 


Some chemists do not refer to the actions mentioned as 
substitution, but reserve this word for another type of 
chemical action which cannot be discussed here. 
z? Double decomposition. An example of double decomposi¬ 
tion is given by the action of sodium hydroxide solution on 
copper sulphate solution, which w r as mentioned earlier in 
this chapter when the law 7 of the conservation of matter was 
discussed. The action may be summarised as follows. 

Sodium hydroxide-]-Copper sulphate- > 

Sodium sulphate-]-Copper hydroxide. 

It will be seen that the action may be regarded as a chang¬ 
ing over of partners. The sodium hydroxide and the copper 
sulphate may be considered as two partnerships. When they 
meet an exchange is effected, the sodium taking the place 
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of the copper, and the copper taking the place of the sodium. 
This is a very common type of chemical change and many 
examples of it will be met as the study of chemistry is con¬ 
tinued. The action may be conveniently summed up by 
considering any two compounds AB and CD, where the 
letters represent the partners in the compounds. 

AB+CD-^ AD-f CB 


The Naming of Chemical Compounds. 

Chemical compounds are given names which help us in a 
great many cases to understand the constitution of the 
compounds. 

Words which end in “ide” often mean that the compound 
contains two elements only. Thus an oxide contains two 
elements, one of which is oxygen. For example, copper oxide 
contains copper and oxygen, whereas aluminium oxide con¬ 
tains aluminium and oxygen. A chloride contains two 
elements, one of which is chlorine. Sodium chloride contains 
sodium and chlorine. Magnesium nitride contains magnesium 
and nitrogen. The exceptions to the rule that compounds 
ending in “ide” contain only two elements will be understood 
more fully later. In any case, one of the elements which the 
compound contains is made clear by the name. 

Names of oxides which have the syllable “per” mean 
that the compound contains more oxygen than the ordinary 
compound. For instance, lead peroxide and barium per¬ 
oxide contain more oxygen than lead monoxide and barium 
monoxide respectively. 

Compounds with names ending in “ate” usually contain 
oxygen in addition to the elements indicated. Thus potassium 
chlorate contains potassium, chlorine, and oxygen, while 
copper sulphate contains copper, sulphur, and oxygen. Pot¬ 
assium nitrate contains potassium, nitrogen, and oxygen. 

Words ending in “ite” indicate that the compounds con¬ 
tain less oxygen than the similar compounds ending in “ate.” 
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Thus potassium nitrite contains potassium, nitrogen, and 
oxygen, but less oxygen than potassium nitrate. 

Further methods of showing the chemical constitution of 
compounds by means of their names will be found with a 
wider knowledge of chemistry. 


Differences between Compounds and Mixtures. 

In order to decide whether a particular material consists, 
of one chemical compound or a number of substances merely 
mixed together, it is necessary to know some of the ways in 
which compounds and mixtures differ from one another. 
The chief differences between compounds and mixtures are 


as follows. 


1. The constituents of a compound can never be seen 
separately. Common salt (sodium chloride) consists of the 
metal sodium combined with chlorine, which is a yellowish 


green gas, but the elements camiot be seen separately, how¬ 
ever closely a specimen of common salt is examined. 

TVia nf a, mixture can sometimes be seen 


separately. Occasionally they are visible to the naked eye, 
but in other cases a lens or a microscope is necessary’. For 
example, with a mixture of salt and sand the particles of salt 
can usually readily be distinguished from the particles of 
sand. It should be noted that in a mixture of gases the con¬ 


stituents camiot be seen separately’. 

2. The constituents of a compound are always in the same 
proportions by r weight. This is expressed b\ T a statement 
called the law of definite proportions, or the law of constant 
composition. The law states that the same compound always 
contains the same elements combined together in the same 


proportions by weight. This property’ may T be illustrated by 7 
once more considering common salt. Common salt occurs 
naturally’ and may 7 also be made in a number of different 
way’s. We find that a specimen of common salt always 


G 
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contains sodium and chlorine in the same proportions by 
weight, however the specimen is obtained. 

The constituents of a mixture are not in fixed or definite 
proportions. This may be expressed by 

composition of a mixture may vary. For example, it is 

obvious that when a mixture of salt and sand is made the 
proportions can be varied, as desired. 

o rm i 


saying 


compound 


different from the physical properties of its constituents. 

suppose the example of mercuric oxide is considered this 
time. nrn ^' *- -** 


Ihe appearance of a specimen of mercuric oxide is 
quite unlike the appearance of either mercury or oxygen. 

I Hi A rvb Trm 1 ____ 1 • f* • ^ ® 


r . v ..v^ a mixture are tne "average” 

of the physical properties of its constituents. The colour of 

a mixture oi salt and sand depends upon the proportions of 

each in the mixture. Other physical properties are affected 
similarly. 

4. Ihe chemical properties of a compound are entirely 

different from those of its constituents. Thus the chemical 

properties of water are entirely different from the chemical 

properties of the hydrogen and oxygen which compose 
the water. 


chemical 


mixture 


-L' -• ~ v V/JL UUU UJUAIUV 

and oxygen is bubbled into lime water the presence of the 

oxygen does not prevent the carbon dioxide from acting on 

the lime water and producing a white precipitate. 

5. The constituents of a compound can only be separated 

by chemical means. They can never be separated by physical 
or mechanical means. 

The constituents of a mixture can be separated either by 
chemical or by mechanical means. Some methods by which 
mixtures may be separated are discussed later m the chapter. 

When the properties of mixtures and compounds are co: 
pared the example of the elements iron and sulphur is oft 
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considered. Fine iron filings and powdered sulphur may be 
mixed very well together by means of a pestle and mortar. 
Iron and sulphur also combine together chemically to form a 
compound called ferrous sulphide. One method of producing 
this compound is to heat the mixture. All the character¬ 
istics of a chemical change, previously discussed, may be 
observed. The mixture is placed in a hard glass test tube 
and gently heated near one end by means of a bunsen burner. 
When the temperature has become high enough to start the 
chemical action a red glow appears. The bunsen burner may 
then be removed and it is noted that the glow travels up the 
tube without further application of heat. The heat given out 
bv some of the iron and sulphur combining is sufficient to 
cause the remainder to combine. The experiment is a very 
beautiful one to perform. Incidentally, it should be noted 
that we have here an example of combustion without oxygen. 
Heat, light, and chemical action are all present. In order to 
examine the differences between the mixture of iron filings 
and sulphur and the compound ferrous sulphide it is advis¬ 
able to grind the compound to a fine powder by means of a 
pestle and mortar, or to make use of powdered ferrous sul¬ 
phide purchased from the manufacturers. 

The iron and sulphur in the mixture can often be seen 
by the naked eye and can easily be distinguished with the 
help of a good lens. 

The iron and sulphur 
in the compound for- 

r u u s s u 1 p h i d e c a n ^^L Mixture of /ror 

never be seen separ- snd su/phur 

atelv, even with the 
aid of a microscope. 

The iron and sul¬ 
phur are always in the 
same proportions in 
ferrous sulphide. This 

is expresse d i n f ig . 52 . 
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another way by saying that ferrous sulphide always has the 
•same composition. If excess of either iron or sulphur is used 
w en ferrous sulphide is made by heating a mixture of the 
two elements, then the ferrous sulphide formed is contam¬ 
inated with whichever element was used in excess. It is 
obvious that the mixture of iron and sulphur formed by 

finding the two together in a mortar can have the elements 
m any proportions desired. 

The physical properties of ferrous sulphide are different 
from the physical properties of iron and sulphur. Thus the 
colour of powdered ferrous sulphide is different from that 
of either iron or sulphur. The colour, which is black, is 
entirely different from that of sulphur, which is yellow.’ It 
is not so very different from that of iron filings, but the two 
cannot be mistaken when placed side by side. The colour 
of the mixture of iron and sulphur depends upon the propor- 
tions in which the two are mixed. 

The chemical properties of ferrous sulphide are entirely 
different from those of either iron or sulphur. For instance, 
dilute hydrochloric acid acts on the compound to give off 
an evil smelling gas called hydrogen sulphide. Dilute hydro¬ 
chloric acid acts on iron alone to give off hydrogen and has 
no action on sulphur. Actually, commercial ferrous sulphide 
is nearly always contaminated with excess of iron and a 
mixture of hydrogen sulphide and hydrogen is therefore 
obtained. The chemical properties of a mixture of iron and 
sulphur are those of the constituents separately. Thus dilute 
hydrochloric acid acts on the iron in the mixture to produce 
hydrogen and the sulphur is left unaffected. 

The iron and the sulphur in ferrous sulphide can only be 
obtained separately from each other by a series of chemical 
actions, and cannot be separated by mechanical or physical 
means. The iron and the sulphur in a mixture can be 
separated either by chemical or by mechanical means. For 
example, we know that iron is acted upon by dilute hydro¬ 
chloric acid, whereas sulphur is not. If then, excess of dilute 
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hydrochloric acid is added to the mixture the iron is all acted 
upon and a solution of ferrous chloride is formed. The 
sulphur is obtained by filtering. In order to obtain the iron 
itself other chemical reactions must be employed. An 


example of a physical method for separating the constituents 
of this mixture is the use of a magnet. The iron is attracted, 
the sulphur is left. Actually, a good deal of the sulphur 
clings to the iron and has to be shaken off. This is a rather 
rare" and unusual method of separating the constituents of 
a mixture and depends upon the fact that iron is magnetic, 
whereas sulphur is not. 


Methods of Separating Mixtures. 

The methods of separating mixtures which will now be 
discussed will be physical or mechanical and not chemical. 


Mixtures of solids. 

1. Difference in densities. Mixtures of solids of different 

densities may be separated by the aid of a liquid, such as 

water. It may happen that one solid is heavier than water 

and therefore sinks, while the other is lighter and floats. 

More often, however, both are heavier, but the lighter solid 

is more easily washed awav. This fact is made use of in 

* 

separating metals and heavy ores of metals from light earthy 
material. Every boy who has read adventure stories has 
heard of “panning” for gold by miners. This may be done 
in a primitive way by scooping up some of the powdered 
gold and sandy material together with water by means of 


a small frying pan. The mixture is swirled round and then 
the water and sand thrown out, leaving the gold dust behind. 

2. Difference in solubilities. If a solvent can be found in 
which one solid is soluble, while the other is practically 
insoluble, it is obvious that an easy separation can be 
effected. Thus a mixture of salt and sand can be separated 
bv stirring with excess of water. The salt dissolves, but the 
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sand does not. 


The solution of salt is filtered leavirm 
sand as the residue. The salt may be recovered by evapora 
ion to drvness The diagrams showing the apparatus 

nfl.rQT.iAn _ _ 


dryness 

required for the separation are given on page 11 
Sometimes it is very difficult to find a convenient solvent 

IT " n ° f th<5 S ° 1MS ‘ S soIuble > while the ot ter is not* 

Usually however, a solvent may be found in which both of 
constituents are soluble. In this case one of the solids 
is more soluble than the other. A separation may be effected 

by fractional crystallisation. The process is rather compffi 

f uh U I-', Ca , n be Seen tba t °o evaporating the solution 
of both solids, the one which is less soluble crystallises first. 

Mixtures of liquids. 

1. Difference in densities. If the liquids do not dissolve 

in each other, the one which is 
Separating funne/ h'ghter floats on top. In this 

case they may be easily separ¬ 
ated by employing a piece of 
apparatus called a separating 
funnel, as shown 

Ihus mercury is much heavier 
than water and therefore sinks 
to the bottom. It may be run 
off by means of the tap. 

2. Difference in boiling points. 

When the liquids dissolve in each 
other, use is made of the fact 
that they nearly always have 

different boiling points. The 
process employed is called fractional distillation. The mix¬ 
ture is boiled and the liquid with the lower boiling point 
distils first and is collected as the distillate before the other 
liquid comes over. When the boiling points of the liquids 
lie very close together the process is not satisfactory unless 
a fractionating column is used. One type of fractionating 



Water 


Mercury 




Fig. 53 
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column is shown in the diagram. This consists of a glass rod 
with glass cross pieces which nearly touch the sides of the 
tube. Your chemistry teacher will explain to you how a 
fractionating column works. 

As an example of fractional distillation we may take the 
separation of a mixture of alcohol and water. Both these 
substances are liquids which give a clear solution when mixed. 
Alcohol boils at a lower temperature than water. If the 
solution is distilled from a flask with a fractionating column 
the distillate v 7 hieh is obtained at first is richer in alcohol 
than the original solution. If this distillate is taken and again 
distilled from a flask with a fractionating column a good, but 
not complete, separation can be obtained. 

Fractional distillation is used to a very wide extent in 
industry to separate liquids which are dissolved in each other. 
The design of the apparatus and the material used in its 
construction are different from those employed in the 
laboratory, but the principle of the method remains the 
same. Crude petroleum, as it comes from the oil wells, con¬ 


sists of a large number of liquids dis¬ 
solved in each other. The petroleum 



/ A er.o? 0/77 e ter 


is fractional!v distilled. One of the 


products is petrol. 

Another interesting example of 
fractional distillation is the prepara¬ 
tion of oxygen on the commercial 
scale by the distillation of liquid 
air. 

Mixtures of gases. 

1. Difference in solubilities. Mix¬ 
tures of gases may be separated by 
bubbling through a liquid, such as 
water, in which one of the gases is 
soluble, while the other is practically 
insoluble. The soluble gas is dissolved 


{!' 

I. 


i_L_ 


r 




D/st/f/ate 


c c/onat/ng 
co/umn 


/VecA of f/ash 


Fig. 54. 
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and the insoluble gas passes on and may be collected if 

1 • i ** VV4 J 

desired. 

2. Difference in densities. A process known as diffusion 

effects a partial separation. 


Mixtures of solids and liquids. 

The methods used to separate mixtures of solids and 

liquids were dealt with in Part I when the ways of obtaining 

pure substances were discussed. The methods are as follows. 
I. Filtration. 


L ~ 

3. Crystallisation. 

4. Distillation. 


dryness 


Mixtures of solids and gases. 

Sometimes a gas appears to dissolve in a solid. For 
example, certain varieties of charcoal take up a lot of certain 
gases, as in a gas mask. The process is here called adsorption. 
The charcoal may be freed from the gases by heating it. 

1 V- i 

■V I 

Mixtures of liquids and gases. ^ 

Gases may often be obtained from liquids in which they 
are dissolved by boiling the solutions. 


QUESTIONS. 

1* What is the principle thing to find out in order to determine 
whether a chemical change has taken place? • 

2. Wfeat is the total change in weight of all the substances taking 
part in a chemical action? 

3. State the law of the conservation of matter. 

4. State two other ways of naming the law of the conservation 
of matter. 

5. Give a diagram of a piece of apparatus which may be used to 
illustrate the law of the conservation of matter when solutions of 
substances are mixed. 

6. Illustrate the chemical change known as double decomposition 
by representing compounds by means of letters. 
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7. State to which classes the following chemical changes belong:— 

(a) Magnesium + Nitrogen- > Magnesium nitride. 

(b) Silver nitrate + Sodium chloride-* Sodium nitrate + 

Silver chloride. 

(c) Iron oxide -j- Aluminium-»- Aluminium oxide + Iron. 

(d) Lead nitrate-> Lead oxide + Nitrogen peroxide + 

Oxygen. 

8. State the law of constant composition. 

9. Give another name for the law of constant composition. 

10. When a mixture of iron filings and sulphur is heated heat and 
light are given out and chemical action takes place. By what name 
do we refer to such a phenomenon? 

11. Name two properties which are made use of in order to separate 

mixtures of solids. 

12. Name a piece of apparatus which may be employed to separate 
mixtures of liquids which do not dissolve in each other. 

13. Name the process used to separate liquids which dissolve in 
each other. 

14. Name the method employed to separate a solid from a liquid 
in which it is not dissolved. 

15. Name two methods employed to obtain the solid from a solu¬ 
tion of the solid in a liquid. 

16. Name the method used to obtain the liquid from a solution of 


a solid in a liquid. 

17. Name the elements in the following chemical compounds:— 
zinc sulphate, lead nitrate, aluminium oxide, ferrous chloride, 
sodium nitrite, ledd peroxide, copper sulphide, calcium nitride. 




CHAPTER VIII 


Symbols, Formulae, and Chemical Equations 
Elements. 

The idea of elements has already been discussed in Part I. 

/ 

An element may be defined as a substance which cannot be 
split up into simpler substances by chemical means? 

There are about 90 elements known, but some of them are 
very rare. A list of the common elements is given later. 

It is possible that some of the substances which are now 
thought to be elements may later on be split up into simpler 
substances. In that case they would no longer be considered 
as elements, 
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widely 


*/ --~~~ va^lucjuu 10 uxveren Thia 

element occurs uncombined in the atmosphere, of which it 

makes up about one-fifth of the volume. It’ " curs 

ei “ in a ««»* compounds. 


known 


"Compounds. 


Eiements can combine together to form compounds. The 

differences between compounds and mixtures have already 

been discussed. y 




Molecules. 

It is well known that matter can be divided into small 
particles. Suppose we consider a piece of india-rubber This 
piece may be cut into two pieces. One of these pieces may 
be taken and again cut into two pieces. The number of 
times this process can be continued depends upon the keen¬ 
ness of the instruments we have available, but on the whole 

this is not a good method of dividing matter into very small 
particles. 

A better method of showing that matter can be divided 
into very small portions is to split up a solution of a sub¬ 
stance into drops by allowing the solution to drip from a 
tap. A substance which gives a very strongly coloured solu¬ 
tion is chosen so that the experiment can easily be followed 

by the eye. A suitable substance is potassium permanganate 

which gives a deep purple solution when small quantities are 

dissolved in water. The experiment may be performed as 
follows. 

Some potassium permanganate is carefully weighed and 
dissolved in water to make a known volume, say 1000 c.c, 
of solution. This may be done by means of a graduated flask, 

A portion of the solution is taken -and its volume noted. This 
portion of the solution is then diluted with water until it is 
so weak that the colour can only just be seen. The volume 
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of this weak solution is found. Drops of the weak solution 
so obtained may be allowed to fall by means of a tap from 
a graduated tube known as a burette. The volume of each 
drop can easily be found and the weight of potassium per- 



Fig, 55. 


manganate which each drop contains can be calculated. 
From this experiment it is found possible to split up one gram 
of potassium permanganate into 50 million portions. This 
experiment, together with many others, gives us good reasons 
for believing that matter can be split up into verj?- small 
portions. 

It is thought that elements and compounds are made up 
of very small particles which we call molecules. Experiments 
can be performed which lead us to believe that these very 
small portions of matter are in constant motion. The idea 
may be illustrated by considering a jar of oxygen. We have 
good reasons for believing that the oxygen is made up of a 
tremendous number of exceedingly small particles which are 
moving about. These small particles are called molecules. 

A molecule may be defined as the smallest portion of an 
element or compound which can exist alone. 

Molecules are so small in size that it is quite impossible to 
see them separately, even with the aid of the most powerful 
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microscope. The number of molecules in a jar of oxygen is 
so enormous that it is difficult for the mind to form a picture 
of what such a number means. However, the student might 
like to know that it has been calculated that in a single jar 
of oxygen there are millions of millions of molecules. 

vX Atoms. 


Molecules are made up of particles called atoms. An atom 

is the smallest particle of an element which can take part in 

a chemical change. At one time it was thought that atoms 
consisted of very hard extremely small balls, but we now 
know that this is not true. Experiments have been per¬ 
formed which lead us to conclude that atoms consist of 
positive and negative charges of electricity. Although atoms 

are so minute in size they are generally quite complicated 
in their structure. 

The number of atoms in a molecule differs according to 
the substance with which we are dealing. Eor example, each 
molecule of mercury consists of one atom of mercury. On 
the other hand, each molecule of hydrogen consists of two 
atoms of hydrogen, and each molecule of oxygen consists of 
two atoms of oxygen. Water is a compound made up of 
hydrogen and oxygen. Each molecule of water consists of 
two atoms of hydrogen and one atom of oxygen. 



Mercury 


/atom 


CO 

Hydrogen 

Z atoms 


The fact that mole- 
cules of different 
substances may con¬ 
tain different num¬ 
bers of atoms is 
illustrated by the 




following diagram. It 
is, of course, not 



suggested that the 
molecules have the 
actual appearances 
shown, i 
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v* 

Symbols. 

Chemists often find it necessary to refer to atoms of an 
element. It is, however, very inconvenient to have to write 
down a lengthy expression such as “one atom of hydrogen,” 
if the term is being constantly used. It has been found that 
a great deal of chemistry becomes much clearer if a kind of** 
shorthand is used instead. It must be clearly understood 
that in every case the shorthand employed refers to one atom 
of the element. The expressions used are called symbols, a 
number of which are as follows. 


H represents one atom of hydrogen. 



3 5 

3 3 

N 

3 3 

33 

C 

33 

3 3 

s 

33 

3 3 

p 

33 

3 3 


,, oxygen. 

,, nitrogen. 

,, carbon. 

,, sulphur. 

,, phosphorus. 


It can be seen that in the examples given the symbol for 
the element is a capital letter which is the first letter of the 
name of the element. The symbols for many elements do 
not follow this simple rule. The different methods by which 
the symbols for elements have been obtained are as follows. 

1. The symbol is a capital letter which is the first letter of 
the English name of the element. The symbols already 
mentioned have been made in this wav. 

4 / 

2. The symbol consists of a capital letter followed by a 
small letter, both obtained from the English name of the 
element. The capital letter of the symbof is the first letter 
of the English name and the small letter of the symbol is 
another letter occurring in the English name. The second 
letter is added to prevent confusion when the names of two 
elements begin with the same letter. Thus the symbol C 
cannot be used for the element calcium because it is the 
symbol which has been chosen for carbon. In this case Ca 
is chosen as the svmbol. 
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3. The symbol consists of a capital letter followed by a 

small letter both obtained from Latin words. Thus the Latin 

name for lead was plumbum and the symbol is Pb. A list 

of examples is given with the words from which the symbols 
are obtained shown in brackets. 


Iron 

Fe 

Lead 

Pb 

Copper 

Cu 

Tin 

Sn 

Mercury 

Hg 

Silver 

Ag 

Gold 

Au 

Antimony 

Sb 


(ferrum) 

(plumbum) 

(cuprum) 

(stannum) 

(hydrargyrum) 

(argentum) 

(aurum) 

(stibium) 


I 


Some elements were not known in Roman times. They 
were discovered much later. However, in a few cases their 
symbols are based on words which are made up to look like 
Latin. Thus the symbol for sodium is Na, from the word 

natrium,” and the symbol for potassium is K from the word 
“kalium.” 

It can be seen that the symbols which are given to the 
elements follow no definite rule and the only thing to do is 
to learn them by heart. This is not a very difficult matter 
as they are constantly being used and soon become known. 
Most students manage it quite easily. 

the following is a list of the more well known elements 
together with their symbols. 


Aluminium 

A1 

Bromine 

Br 

Copper 

Cu 

Antimony 

Sb 

Cadmium 

Cd 

Fluorine 

F 

Argon 

A 

Calcium 

Ca 

Gold 

Au 

Arsenic 

As 

Carbon 

C 

Helium 

He 

Barium 

Ba 

Chlorine 

Cl 

Hydrogen 

H 

Bismuth 

Bi 

Chromium 

Cr 

Iodine 

I 

Boron 

B 

Cobalt 

Co 

Iron 

Fe 
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Krypton 

Kr 

Nitrogen 

N 

Sodium 

Na 

Lead 

Pb 

Oxygen 

O 

Strontium 

Sr 

Lithium 

Li 

Phosphorus 

P 

Sulphur 

S 

Magnesium 

Mg 

Platinum 

Pt 

Tin 

Sn 

Manganese 

o 

Mn 

Potassium 

K 

Xenon 

Xe 

Mercury 

Hg 

Radium 

Ra 

Zinc 

Zn 

Neon 

Ne 

Silicon 

Si 



Nickel 

Ni 

Silver 

Ag 




* 

Valency. 

Valency is the name given to the power which atoms 
possess of combining with one another to form molecules. 
For example, a molecule of hydrogen chloride consists of 
one atom of hydrogen combined with one atom of chlorine. 
Both the elements are said to be monovalent. Each atom 

possesses one combining power, often referred to as a bond. 
A bond is sometimes represented as a straight line between 
the symbols of the elements. A molecule of hydrosen chloride 

*■ *-■ O 

with the valency of each atom represented in this way is 
shown thus 

H-Cl “ 


Occasionally the student is puzzled by this method of repre¬ 
senting valency because only one line is shown, although it 

■j • 1 ^ o 

has just been stated that each atom possesses one combining 
power or bond. It is better to say that there is one bond 
joining the two atoms together. Of course, the thing joining 
an atom of hydrogen to an atom of chlorine is not really 
like a bar, which might be imagined by looking at the repre¬ 
sentation shown. However, it is sometimes found convenient 


to indicate that the atoms of hydrogen and chlorine are 


representing the fact. 


iniple 


One atom of hydrogen will combine with another atom of 
hydrogen to form a molecule, because both atoms are 
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monovalent, that is, they each possess one combining power. 

The molecule of hydrogen therefore contains two atoms and 
may be represented as 

H-H 

Oxygen is divalent. This means that an atom of oxygen 
possesses two bonds. One atom of oxygen combines with 
two atoms of hydrogen to form a molecule of water. 

H-0-H 

One atom of oxygen will also combine with another atom of 
oxygen to form a molecule, because both atoms are divalent. 

0=0 


Atoms of various elements possess valencies which range 
from one to seven. The valencies of six and seven are not 
very common. Sometimes it happens that an element is 
able to possess more than one valency. This means that 
there are occasions when it exerts different combining powers, 
hor example, iron is sometimes divalent and sometimes tri- 
valent. Iron is referred to as ferrous when it is divalent and 
ferric when it is trivalent. The endings “ous” and “ic” are 
frequently used when an element has more than one valency. 
The ending “ous” always indicates the lower valency. The 
valencies of some common elements are shown in the table 


and other instances of elements with more than one valency 
will be noted. No elements with seven valencies are given 
as these are not important in elementary work. 


\\ 

i _ 

Formulae. 


Molecules consist of atoms joined together chemically. A 
molecule of an element consists of atoms of the same element 
and a molecule of a compound consists of atoms of different 
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elements combined together. The numbers of atoms of each 

element in a molecule are shown by means of what is known 

as a formula. The numbers of the atoms are given after the 

symbols for the elements. They are written slightly below 
1 / 

the symbols. Some examples are as follows. 


H 2 represents one molecule of hydrogen 

O 


2 

H,0 

HoSO 


1 9 


9 9 


3 3 


3 3 


3 3 


3 3 


3 9 


3 3 


oxygen 


3 3 


,, water 

,, sulphuric acid. 


The formula H 2 S0 4 for sulphuric acid means that one 
molecule of sulphuric acid contains two atoms of hydrogen,, 
one atom of sulphur, and four atoms of oxygen. 


Table of Valencies 


MONO¬ 

DIVALENT 

TRIVALENT TETRA- 

PENTA- 

VALENT 


VALENT 

VALEXT 

Hydrogen 

Oxygen 

Nitrogen Carbon 

Nitrogen 

Bromine 

Barium 

Aluminium 


Chlorine 

Calcium 

Antimony 


Iodine 

Copper 

Arsenic 


Mercury 

Mercury 

Bismuth 


(Mer¬ 

(Mer¬ 

Phos¬ 

Phos¬ 

curous) 

curic) 

phorus 

phorus 

Silver 

Iron 

Iron 


Sodium 

(Ferrous) (Ferric) 


Potassium 

Lead 

Lead 



Magnesium 

Manganese 

Sulphur 

Tin 

(Stannous) 

Zinc 


VALEXT 


Sulphur 

Tin 

(Stannic) 


Sulphur 


3 < 


When a number is placed at the same level in front of a 


H 
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symbol or formula it refers to the number of atoms 
cules which come immediately after it. 


or mole- 


“H means two atoms of hydrogen not joined together to form 

a molecule. 

2H 2 means two molecules of hydrogen each containing two 

atoms. 

2H 2 S0 4 means two molecules of sulphuric acid each containing 

two atoms of hydrogen, one atom of sulphur, and four atoms 
.01 oxygen. 


The formulae of solid and liquid elements are usually repre¬ 
sented as though the molecules each contain only one atom. 
Thus the molecules of sulphur, mercury, and copper are 
shown as S, Hg, and Cu. This is because our knowledge 

regarding the numbers of atoms in solid and liquid elements 
is often very uncertain. 

Radicals. 

It often happens that the same group of atoms occurs in d\ J 

large number of compounds and behaves in a good many * 

ways as though the group consisted of a single atom. This 

may be made clear by reference to the formulae of a number 
of sulphates. 

NAME OF SULPHATE FORMULA 

Copper sulphate CuS0 4 
Sodium sulphate Na 2 S0 4 
Zinc sulphate ZnS0 4 

In every case the group of atoms S0 4 occurs and appears 
to behave as a single divalent atom. Such a group of atoms 
is called a radical. Other common radicals are hydroxide OH, 
nitrate N0 3 , carbonate C0 3 , chlorate C10 3 , phosphate P0 4 , 
ammonium NH 4 . Their valencies must be learnt and they 


1 
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can then be treated in a good many ways 
consisted of single atoms. The ammonium 
as though it were a metal. 


as though they 
radical behaves 


Valencies of Common Radicals 


MONOVALEXT 

Ammonium NH 


Chlorate 

Hydroxide 

«. - 

Nitrate 

Nitrite 


C10 3 
OH 
NO 3 
NO. 


DIVALENT 

Carbonate C0 3 
Sulphate S0 4 


TRI VALENT 

Phosphate P0 4 


When it is necessary to show more than one radical in a 
molecule brackets are used and the number of radicals is 
indicated by a figure placed after the brackets slightly below 
the level of the symbols. An illustration is given by the 
formula for copper nitrate which is Cu(N0 3 ) 2 . This means 
that one molecule of copper nitrate consists of one atom of 
copper and two nitrate radicals. The molecule of copper 
nitrate therefore contains one atom of copper, two atoms of 
nitrogen, and six atoms of ox} 'gen. 


v/ 


To Wrtte Down the Formula of a Compound. 


The formulae of many common compounds may be found 
by means of the tables of valencies. The procedure is made 
simple by employing the following steps. 

1. Write down the symbols for the elements and radicals 
forming the compound. 

2. Arrange the numbers of elements and radicals in the 

\ ,* 

molecule so that the valencies are balanced. 

One or two examples will illustrate the method. Suppose 
it is desired to write down the formula of sodium sulphate. 
Bv writing down tire symbols for the clement sodium and 
the sulphate radical we obtain 
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. ° , iUimuia oi sodium sulphate, because sodium 

is monovalent and the sulphate radical is divalent The 

valencies must be balanced. In order to do this two atoms 

oi sodium are required, each with one bond or valency to 

balance tue sulphate radical, which has two bonds or valen¬ 
cies. The formula is thus 


Xa 2 S0 4 


The 


method to be 


formula of ammonium sulphate is found by this 

fn Kra * 


(NH 4 ) 2 S0 4 


1 wo ammonium radicals, each having one bond, are required 

to balance one sulphate radical, which has two bonds. The 

ammonium radical is therefore placed in brackets and the 
figure 2 placed outside, as shown. 

The formula of aluminium chloride is A1C1 3 . Aluminium 
chloride contains the elements aluminium and chlorine. 
Aluminium is trivalent and chlorine is monovalent. Con-' 
sequent!y it is necessary to have three atoms of chlorine in 
order to balance one atom of aluminium. 

r I'm * i i . . 


T hr 


down 


ber of 


formulae until the process becomes easy. 

It must not be imagined that the formulae of all com¬ 
pounds can be found by reference to the tables of valencies. 
The formulae of many compounds do not follow the rules 
given and have to be learnt by heart. Of course, we would 
like the formulae of all compounds to follow simple rules, 
but it must be realised that the table of valencies has only 

been constructed from a knowledge of what occurs in a good 
many cases. 


V/ 


/ 


Chemical Equations. 

Chemists have found it very useful to express the result 
of a chemical action using the formulae for the molecules of 
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the substances which take part in the action. Suppose we 
consider a simple chemical action and see how this works. 
When mercuric oxide is heated strongly it splits up into 
oxygen and mercury. This may be expressed in words as 

follows. 

Mercuric oxide=Mercury-j- Oxygen. 


If we write down the formulae for molecules of the sub¬ 
stances, instead of using words, the statement becomes 

HgO=Hg+0 2 


This is not a chemical equation because only one atom of 
oxygen appears on the left hand side, whereas tv o atoms 
are shown on the right hand side. It is necessary to balance 
the equation. The numbers of atoms of any particular 
element must be the same on both sides of the equation. 
This can only be done by arranging the numbers of mole¬ 
cules on each side. The formulae of the substances must 
never be interfered with in an attempt to balance the 
equation. In the chemical action referred to the equation 

becomes 


2HgO—2Hg+0 2 

The formulae of the substances have not been altered, but 
the numbers of atoms of mercury and oxygen are now the 
same on both sides. Any attempt to balance the equation 
which alters the formulae is wrong. Thus 


HgO a =Hg+0 2 

is wrong chemically, although the numbers of atoms ha\ e 
born mane equal on both sides. The statement is wrong 
because the formula for a molecule of mercuric oxide is 

not HffO... 

It will be noticed that the mathematical — sign has been 
used instead of an arrow. Sometimes the arrow is employed, 
but most people prefer to use the = sign. 
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for Making a Chemical Eqita 


PART 


start t^Lm^t e tio°n r rt *» 

and the formulae of tTeTut^s “ 

hand Side of the equation. proauced on the right 

mo 2 lecuks a o°n eact X» “that th™ ?** ?“ DUmbera of 
element are equal in PartiCUlar 

aiJedT an^ attempt "" * 

th La f “ rr SJtzS- 

are no“iLta 9 ted een A f btained ’ *?* *“““ ° f tbe ^bsZcef 

are gWen ° f W ° rking 0ut e< 3 uati <™ 

When red lead is heated oxygen is oivpn nflP nr»ri i;tu 
(load monoxide) is left. The formula Ced tadcait^ 
obtained from the table of valencies. It is Pb 3 0 4 . 


Red lead 

2Pb 3 0 4 


Cxygen-f Lead monoxide 
0 2 + OPbO 


or, H be ” 0 ticea that atoms of oxygen occur in two places 

on t he riR’T 1 Th ° total number of atoms of oxygen 

cent ^ l’ and ! ‘ S e ‘ ght (two moIeculcs of red lead, each 
containing four atoms of oxygen). The total number of atoms 

of ox\ gen on the right hand side is also eight (one molecule 

o oxygen consisting of two atoms, and six molecules of lead 
monoxide each containing one atom of oxygen). 

When lead peroxide is heated oxygen is given off and lead 
monoxide is left. The formula for lead peroxide is PbO a . 

Lead peroxide=Oxygen+Lead monoxide 


2PbO 


C 2 -f- 


2PbO 
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Similar statements apply to this equation. Atoms of oxygen 
occur in two places on the right hand side, but by taking 
suitable numbers of molecules it has been arranged that the 


of lead 


employing chemical 


can be seen by studying the two equations expressing the 
action of heat on red lead and lead peroxide. We know that 
in both cases oxygen is given off and lead monoxide is left. 
The explanation of why this can happen is made clear by 
reference to the equations. Red lead and lead peroxide both 
consist of lead and oxygen combined together, but the pro- 
portions in which they are combined are different. The 
equations show that, although one molecule of oxygen is 
obtained in each case from two molecules of the oxides, the 
number of molecules of lead monoxide left is not the same. 

Some further examples of chemical equations which repre¬ 
sent chemical reactions already studied are now given. The 
student should notice how the equations are balanced. 

When copper is heated in air, or oxygen, copper oxide is 

formed. 

Copper-}- Oxygen =Copper oxide 
2Cu + 0 2 = 2CuO 

When iron is heated in oxygen it burns and black iron oxid« 
is formed. The formula of black iron oxide is Fe 3 0 4 . 

3Fe-4-20,=Fe,0, 


l 

When potassium chlorate is heated oxygen is given off and 
potassium chloride is left. 


2KC10 3 =30 


2KC1 


When potassium nitrate is strongly heated oxygen is given 
off and potassium nitrite is left. 


2KN0 3 =0 2 


2KNO, 
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When 


part h 


is given off and ^ “ 

CaC0 3 =C0 2 +Ca0 

carton Me istvenoffa^ T °" ° alcium “donate, 

are also formed. The form , nd cal °'" m cM oride and water 

is written as HC1. Although water is present ^it ^“chlorio acid 
sented on the left hand side of the equation 

2HCl4-CaC0 3 =C0 2 +CaCl 2 +H 2 0 

When sodium acts on water hydrogen is j 

sodium hydroxide is left in solution g ° ff 

2Na+ 2H 2 0=H 2 -|- 2NaOH 

When dilute sulphuric acid acts on zinc, hydrogen is given 
off and a solution of zinc sulphate is left. g 

H 2 S0 4 -[-Zn—H 2 -f-ZnS0 4 

a chemical ®“ a 8maU s P ace the results of 

described an equation should be added. The student should 
take every opportunity of getting practice in constructing 
equations and he will find that it soon becomes easy to do 
so, and that a good deal of pleasure will be obtained. 


QUESTIONS. 

o' is meanfc by an element? 

J. Define a molecule. 

3. What does the symbol of an element represent? 
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i. Give the symbols for the following elements:—silver, lead, 
carbon, mercury, chlorine, magnesium, antimony, copper, sodium, 
potassium. 

5. What is meant by valency? 

6. What is meant by a radical? 

7. Write out the table of valencies of the common elements. 

8. Give the symbols for the following radicals:—sulphate, chlorate, 
carbonate, nitrate, hydroxide, ammonium, nitrite, phosphate. 

9. What does the formula of a compound represent? 


formulae. 

Write down the formulae of the following compounds :— 

10. Oxides. Mercuric oxide, lead monoxide, ferrous oxide, ferric 
oxide, stannous oxide, and the oxides of copper, zinc, calcium, 
aluminium, and magnesium. 

11. Hydroxides. Ferrous hydroxide, ferric hydroxide, and the 
hydroxides of sodium, potassium, calcium, barium, alu mini um, 
copper, zinc, lead, and magnesium. 

12. Chlorides. Ferrous chloride, ferric chloride, and the chlorides 
of sodium, potassium, calcium, barium, ammonium, magnesi um , 
aluminium, lead, zinc, and copper. 

13. Chlorates. The chlorates of potassium, sodium, and barium. 

14. Sulphates. Ferric sulphate, ferrous sulphate, and the sulphates 
of sodium, copper, aluminium, zinc, potassium, ammonium, barium, 
and calcium. 

15. Nitrates. The nitrates of lead, ammonium, zinc, barium, 
copper, potassium, magnesium, calcium, sodium, and mercurous 
nitrate. 

16. Nitrites. The nitrites of potassium and sodium. 

17. Phosphates. The phosphates of calcium, aluminium, barium, 
sodium, and ferric phosphate. 

18. Carbonates. The carbonates of zinc, calcium, magnesium, 
sodium, potassium, lead, copper, and ammonium. 


EQUATIONS. 

Write down equations for the following chemical actions :— 

19. Equations for the actions which take place when the following 
substances are heated in oxygen:—magnesium, mercury, iron, copper, 
carbon, sulphur, and phosphorus. 

20. The actions which take place when magnesium is heated in 
nitrogen, carbon dioxide, and steam. 

21. The action of water on sodium, potassium, and calcium. 

22. The action of steam on zinc and iron. 

23. The action of heat upon mercuric oxide, red lead, barium per¬ 
oxide, potassium chlorate, sodium nitrate, potassium nitrate, copper 
carbonate, zinc carbonate, calcium carbonate, and magnesium car¬ 
bonate. 

24. The action of dilute sulphuric acid on zinc, iron, and magnesium. 
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and aluminium. ° -yurocmorie acid on zinc, iron, magnesium, 

-ST ££z ‘2Z““1 - *•"— * 


CHAPTER IX 
Sulphur Dioxide 

The Action of Sulphuric Acid on Metals. 

The order of activity of the metals shown on page 38 may 

again be studied in connection with the action of sulphuric 

acid on metals. It would be expected that potassium, sodium, 

and calcium would be acted upon by dilute sulphuric acid 

because dilute sulphuric acid contains water, and these 

metals are acted upon by water. The hydroxides formed 

react with the sulphuric acid to produce sulphates. The 

action is a little complicated by the fact that calcium sul- 

p ate is not very soluble. It has already been stated in 

Fart I that magnesium, zinc, and iron are also readily acted 

upon by dilute sulphuric acid. Hydrogen is given off and 

sulphates are left. Other metals, such as lead and copper, 

which are less active than those mentioned, are not acted 
upon dilute sulphuric acid. 

Concentrated sulphuric acid also acts on metals, but the 

action is different from that with the dilute acid. Most of 

the common metals are acted upon, but hydrogen is never 

given off. A gas called sulphur dioxide is obtained, but it 
is often very impure. 

If a little cold concentrated sulphuric acid is poured on to 
a piece of copper in a test tube no action appears to take 
place. When, however, the tube is gently heated there is a 
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vigorous action and a gas is given off. The gas in this case 
consists of fairly pure sulphur dioxide. Copper sulphate and 
water are also formed. The action is represented by the 
equation 

Cu+2H 2 S0 4 =CuS0 4 +S0 2 +2H 2 0 

The blue colour of copper sulphate solution is not seen for 
two reasons. A small quantity of a mixture of black in¬ 
soluble sulphides of copper is also formed by another reaction 
and the water produced is removed by excess of the sulphuric 
acid present. The blue colour of the copper sulphate may 
be observed by adding water when the test tube is cold and 
then filtering. The sulphides remain on the filter paper and 
blue copper sulphate solution forms the filtrate. 

When concentrated sulphuric acid acts on zinc heat is 
necessary, but the action is then sometimes very vigorous. 
Sulphur dioxide, a gas called hydrogen sulphide, and a 
deposit of sulphur on the upper end of the test tube, are 
obtained. Zinc sulphate is left. The action cannot be repre¬ 
sented satisfactorily by one equation. 

When the action of concentrated sulphuric acid is tried 
with lead, only a small quantity of the acid should be used. 
There is no apparent action in the cold, but with the applica¬ 
tion of heat the action is sudden and violent. Sulphur 
dioxide, hydrogen sulphide, and sulphur are again formed 
and a thick white precipitate of lead sulphate is left in the 

test tube. 

/ 

/ The Preparation of Sulphur Dioxide, S0 2 , 

in the Laboratory. 

1. If it is desired to prepare several jars of sulphur dioxide 
in the laboratory the usual method is to act on copper with 
concentrated sulphuric acid. 

The apparatus shown in the diagram is set up. A quantity 
r>f copper clippings is placed in a round-bottomed flask which 
is then fitted up as shown. In order to add the acid it is 
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funnel i 
desired. 


funnel. The 


funnel 


me iiqmu in. tne nask, but 
it is necessary that it should do so 

fV, pah a*1\ 4- L ^ J _ P i l r\ 


funnel 


funnel 


cannot 



Sulphur 

dioxide 


2. If the gas is required dry it may be bubbled through 

concentrated sulphuric acid. The stream of bubbles must 

be slow, otherwise good drying will not be obtained. The 

gas is not usually required dry when jars of it are being 

collected, but it is useful, nevertheless, to pass it through 

concentrated sulphuric acid, because the rate at which it is 

being collected can be seen, and the bunsen burner is adjusted 
accordingly. 


3.. Sulphur dioxide is collected by the upward displacement 
of air. It is far too soluble to be collected over water by 
means of a pneumatic trough, so advantage is taken of the 
fact that it is much heavier than air. The delivery tube 
reaches nearly to the bottom of the gas jar and the air is 
forced upward. It can be ascertained when the gas jar is 
fairly full by cautiously approaching the nose to the mouth 
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of the jar, or by testing whether a lighted taper is extinguished 

just about the level of the mouth. 

If many jars of the gas are being collected it is preferable 

to perform the preparation in a fume chamber where a good 
draught will cany away escaping gas up the chimney. A 
fume chamber consists of a cupboard fitted with a chimney 
in which a gas burner may be lighted. Glass windows allow 
the progress of an experiment to be observed. If much 
sulphur dioxide is present in the atmosphere it is injurious 

and discomfort is experienced. 

If a specimen of the gas is required dry and free from air 
it may be bubbled through concentrated sulphuric acid and 
collected over mercury in a small pneumatic trough. 


Properties of Sulphur Dioxide. 

1. Sulphur dioxide is a colourless gas. 

2. Sulphur dioxide has an overpowering, sharp smell, 
which is often referred to as the smell of burning sulphur. 
This is not surprising, because sulphur dioxide is the gas 
formed when sulphur burns in air. Actually, it is often very 
difficult to describe the smell of a gas. The correct method 
is to say that a gas has a characteristic odour. This means 
that it has its own smell and should be recognised by it. 
Often, however, the smell is described as resembling that of 
some substance with which we are familiar. 

3. The gas is much heavier than air. Advantage is taken 
of this fact when jars of the gas are being collected. It is 
more than twice as heavy as air. 

4. Sulphur dioxide can be readily turned into a liquid by 
cooling it, or by the application of pressure at the ordinary 
temperature. Strong glass vessels containing the liquid are 
called syphons. A screw valve at the top releases the pressure 
and enables a stream of the gas to be obtained. Syphons of 
sulphur dioxide are to be found in most chemical labora¬ 
tories and are used when the gas is required. The method 
of making the gas by the action of concentrated sulphuric 
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acid on copper is only employed when it is desired to demon- 
strate the preparation, in the laboratory. 

5. Sulphur dioxide is very soluble in water. One c.c. of 
water dissolves about 47 c.c. of the gas at room temperature. 
If a jar of the gas is opened beneath the surface of some water 
in a pneumatic trough the gas is rapidly dissolved and the 
water rises in the j ar. The water does not completely fill the 
j ar when the sulphur dioxide has been collected in the usual 
manner on account of the presence of a little air. If the 
experiment is repeated with a j ar of hydrogen it is found that 
no perceptible rise of the water occurs. 

6. Sulphur dioxide turns damp litmus paper red. It is 
therefore an acid gas. On this account the solution in water 
is sometimes referred to as sulphurous acid. Most of the gas 
merely dissolves in the water, but it is probable that a very 
small quantity also has a chemical action with the water 
and that a substance with the formula H 2 S0 3 is formed. 
If this substance exists it would be known as sulphurous acid. 
The action may be represented by the equation 

S0 2 -f-H 2 0=H 2 S0 3 


Occasionally the gas itself is referred to as sulphurous acid, 
but if the term is employed, it is better to keep it for the 
solution of the gas in water. 

7. Sulphur dioxide does not burn in air. It may, however, 
be made to combine with oxygen by the use of a catalyst to 
form a substance called sulphur trioxide with the formula 
S0 3 . A catalyst which may be used to bring this about is 
finely powdered platinum. 

8. Sulphur dioxide does not support the combustion of 
such things as a wood splint, or a taper. If a taper, which 
has been lighted in air is plunged into a jar of the gas, it is 
immediately extinguished. 


sodium 


hydroxide. 


The action is similar to that which takes place 
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when carbon dioxide is passed into sodium hydroxide solu¬ 
tion. Sodium sulphite is formed first and if the current of 
sulphur dioxide is continued, sodium bisulphite is formed. 
The equations are as follows. 

2Na0H+S0 2 =Na 2 S0 3 +H 2 0 

Na 2 SO 3 + H 2 0+SO 2 =2NaHSO 3 

10. Sulphur dioxide has a striking action on a solution of 
a substance called potassium permanganate. This substance, 
which has the formula KMn0 4 forms small, shin}", nearly 
black crystals which dissolve in water to give a purple 
coloured solution. Sulphur dioxide turns the purple solution 
colourless. This fact may be shown in various ways. The 
simplest method is to soak a piece of filter paper in the 
solution and then to hold the paper in a stream of the gas. 
The purple colour disappears, leaving the white colour of the 
filter paper. Another method is to bubble a stream of the 

Zulphur o'/ox/-Jo 


Potass/an? permanganate 
solution 

Fig. 58. 



ga s from a delivery tube into a weak solution of the perman¬ 
ganate. The solution rapidly becomes colourless. The action 
may also be shown in an exceedingly effective manner which 
never fails to excite admiration in those first witnessing it. 


A gas jar is taken and well filled with the gas. 


A large beaker, 


of somewhat greater capacity than the gas jar, is filled with 
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a weak solution of the permanganate. The cover of the gas 
jar IS removed and the solution from the beaker poured into 
it. As the solution enters the jar its colour changes from 
purple to colourless. The equation for the action of sulphur 
dioxide on potassium permanganate is too complicated to 
be properly understood at this stage. 

11 . Sulphur dioxide turns a solution of potassium dichro¬ 
mate, acidified with a little dilute sulphurie acid, from orange 
yellow to green. This property may be demonstrated by 

methods similar to those used with potassium permanganate 
solution. 

12. When a jar of moist sulphur dioxide is mixed with a 

jar of another gas called hydrogen sulphide, the formula of 

which is H 2 S, the sides of the jars become coated with a 

deposit of sulphur. The sulphur comes from both the gases. 
Water is also formed. 

S0 2 -f2H 2 S==3S+2H 2 0 

13. Sulphur dioxide takes the colour from many coloured 
substances, provided they are damp. This is expressed 
shortly by saying that the gas bleaches the substances. The 
property may be demonstrated by leaving a damp red rose 
in a jar of the gas. The colour is removed. The bleaching 
properties of sulphur dioxide are made use of in industry for 
removing the yellow colour from straw. 

14. A number of the important properties of sulphur 
dioxide are due to the fact that it is a good reducing agent. 
This will be explained and discussed more fully at a later 
stage. 

f . Tests for Sulphur Dioxide. 

/ i 

l ; 

Sulphur dioxide is usually detected by its smell and its 
action on a solution of potassium permanganate or potassium 
dichromate. 
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SULPHUR DIOXIDE 

^JSES OF SXJLPHTJB DlOXIDE. 

1 . It has already been explained that sulphur dioxide is 
employed for bleaching certain articles. 

2. Sulphur dioxide is manufactured on a large scale as the 
first stage in the manufacture of the important chemical 
sulphuric acid. 

3. Sulphur dioxide is used for a number of other purposes 
Qrnrmrr whinVi mav be mentioned its use as a disinfectant. 


Nj^tj 


Preparation 


1. Sulphur dioxide is produced when sulphur is burnt in 


air or oxygen 


S-f 0 2 =SO 


This method is employed on the manufacturing scale where 

supplies of sulphur are readily available. 

2. Sulphur dioxide is produced when concentrated sul¬ 
phuric acid acts on metals. The purity of the gas so obtained 
varies. Copper and mercury yield fairly pure specimens. 
Concentrated sulphuric acid also acts on carbon and sulphur 
to give sulphur dioxide. 

3. Sulphur dioxide is produced when sulphites and thio¬ 
sulphates are acted upon by dilute sulphuric and hydrochloric 
acids. The equations for the action of dilute hydrochloric 
acid on sodium sulphite and sodium thiosulphate are given. 

Na oS 0 3 +2HC1 - SO 2 + 2NaCl+II 2 0 
Na 2 S 2 0 3 + 2HC1=S0 2 -f-S T + 2NaCl+ H 2 0 

It will be noticed that with sodium thiosulphate sulphur is 
also formed. 

4. Sulphur dioxide is given off when certain sulphides are 
roasted in air. This is made use of in industry by employing 
the cheap sulphide of iron called iron pyrites, FeS 2 . The 
sulphur is turned into sulphur dioxide and the iron into 
ferric oxide. 


4FeS 2 + 11 0 2 =2Fe 2 0 3 4- SS0 2 
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History. 


Sulphur dioxide produced by burning sulphur in air has 

,w, riY r ° m ^ ^ tim6S - » -f first prepared 
and collected as a separate gas by Priestley who made it 

by acting on mercury with concentrated sulphuric acid. 


QUESTIONS. 


2 WW the meta ! S act on d ^te sulphuric acid. 

2. What gas is evolved when dilute sulphuric acid acts on metals? 

suiphurToxideVtSa^. " <* 

4. How is sulphur dioxide collected? 

6* Wh'«? S T1 ubstance “ usually employed for drying sulphur dioxide? 

liquid sulphm Zifdf? Ven VeS86lS WU ° h " e USed for ho)di “* 

the preSnTe oTsS'pto'Sio'Sdt be 6mpl ° yed Wh6n testin S for 

•fJ*?® 4 subst 1 aaces are formed when sulphur dioxide is mixed 
with hydrogen sulphide? uuxea 

. 9 ‘ c ^ ? a “ e the substances produced when sulphur dioxide is absorbed 

by a solution of sodium hydroxide. 

Wh f h important chemical requires sulphur dioxide in the Hrst 
stage of its manufacture? 

11. Give the formula for iron pyrites. 


EQUATIONS. 

< ^? tvn eq'wzt'i'Ons for the following chemical actions :— 

„ actl ? n of dilute sulphuric acid on zinc, iron, and magnesium. 
Id. Ine action of concentrated sulphuric acid on copper. 

14. The action of sulphur dioxide on hydrogen sulphide! 

15. The action of sulphur dioxide on sodium hydroxide solution 
(two equations). 

action which takes place when sulphur is burnt in air. 

To rru acti . on which takes place when iron pyrites is heated in air. 
18. The action of dilute hydrochloric acid on sodium sulphite and 
sodium thiosulphate. 
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Sulphates 


The Composition of Sulphates. 

All sulphates contain a sulphate radical, the formula of 
which is S0 4 . With the exception of sulphuric acid, which 
is sometimes regarded as hydrogen sulphate, they also con¬ 
tain a metal, or a radical which takes the place of a metal. 

The formulae of sulphuric acid, copper sulphate, and 
ammonium sulphate illustrate the composition of sulphates. 

NAME FORMULA 

Sulphuric acid H 2 S0 4 

Copper sulphate CuS0 4 

Ammonium sulphate (NH 4 ) 2 S0 4 

It must be remembered that the sulphate radical is 
divalent. 

All sulphates, except sulphuric acid, belong to the class 
of compounds known as salts. 


Common Sulphates. 


CHEMICAL NAME 


FORMULA OF COMMON NAME OF 

CRYSTALS CRYSTALS 


Copper sulphate CuS0 4 .5H 2 0 Blue vitriol 

Ferrous sulphate FeS0 4 .7H 2 0 Green vitriol 

Zinc sulphate ZnS0 4 .7H 2 0 White vitriol 

Magnesium sulphate MgS0 4 .7H 2 0 Epsom salts 

Sodium sulphate Na 2 S0 4 .10H 2 0 Glauber s salt 
Calcium sulphate CaS0 4 .2H 2 0 Gypsum 

Ammonium sulphate (NH 4 ) 2 S0 4 


A number of 4t double sulphates are also known. The 
double sulphates called the alums may be taken as an 
example. These are made by crystallising mixed solutions 
of certain sulphates. Thus, potash alum, commonly known 
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■imply as alum, may be made by crystallising 


aluminium 


potassium 


i- , uubainea nas a crvsta.1. 

and S aPe ffenn ^ ? 0m both that of Potassium sulphate 
and aluminium sulphate. The formula for a molecule of 

potash alum is K 2 S0 1 .A1 2 (S0 4 ) 3 .24H 2 0. 

Uses of Sulphates. 

■ • m sulphate are used in the prepar- 

ation of plaster of Paris. A less important use is in the 

manufacture of blackboard “chalk.” Ammonium sulphate 

is made on a large scale on account of its importance as a 

fertiliser. Magnesium sulphate and zinc sulphate are used 

for medical purposes. Sodium sulphate is used in the manu- 

acture of certain types of glass and also for medical pur- 

poses. Copper sulphate is sometimes used for the prevention 



Copper sulphate 



Magnesium sulphate 




Gyp 



sum 


Alum 


Crystals of some common sulphates 

Fig. 59. 


of disease in plants and ferrous sulphate is used in the 
preparation of certain inks. 
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The Solubility of Sulphates in Water. 

Most sulphates are readily soluble in water. Exceptions 
are the sulphates of calcium, barium, and lead, which dis¬ 
solve only to a small extent. Calcium sulphate is usually 
described as sparingly soluble, lead sulphate is very slightly 
soluble, arid barium sulphate is practically insoluble in water. 


Test for Soluble Sulphates. 

The fact that barium sulphate is practically insoluble in 
water is made use of when testing for a sulphate. The pro¬ 
cedure is as follows 

1. The substance to be tested is dissolved in distilled water. 

2. A little hydrochloric acid is added. 

3. A solution of barium chloride is added. If the original 
substance is a sulphate a fine white precipitate of barium 
sulphate is obtained. 

The precaution of adding hydrochloric acid is necessary, 
otherwise white precipitates may be obtained when barium 
chloride solution is added to solutions of substances which 
are not sulphates. For example, if barium chloride solution 
is added to a solution of sodium carbonate, a white precipitate 
of barium carbonate is formed. In this instance the sodium 
carbonate would be acted upon by the hydrochloric acid and 
sodium chloride formed before the addition of the barium 
chloride solution. Consequently no precipitate would be 
obtained. 

The equation showing the formation of barium sulphate 
when a solution of barium chloride is added to a solution of 
potassium sulphate is as follows. 

K 2 S0 4 +BaCl 2 =BaS0 4 +2KCl 

The Action of Heat on Sulphates. 

Most sulphates, except sodium and potassium sulphates, 
are decomposed when strongly heated. An interesting 
example is that of crystallised ferrous sulphate. Crystallised 
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ferrous sulphate is a light green colour. When some crystals 
are gently heated in a slightly sloping hard glass test tube 


Crystallised ferrous 

_ / sulphate 



water of crystallisation is given off 
in the form of steam and a dirty 
white mass of anhydrous ferrous 
sulphate remains. Some of the 
steam condenses and may be col¬ 
lected by means of another test 
tube, if desired. ' 

If now, the test tube is strongly 
heated, thick white fumes appear 
at the mouth and the solid inside 
turns nearly black. The white 


Fig. 60. fumes consist of a substance called 


sulphur trioxide, S0 3 . Sulphur di¬ 
oxide is also given off and its presence may be shown by 
means of filter paper soaked in potassium permanganate 
solution and held over the mouth of the test tube. The 
purple colour of the potassium permanganate. disappears. 

When the substance left in the test tube is cooled its colour 


changes to red. It consists of ferric oxide, sometimes called 
jeweller’s rouge. It is rather hard, but on grinding in a 
mortar a fine red powder is obtained. Actually, it is difficult 
to change the whole of the anhydrous ferrous sulphate left 
in the test tube, as considerable heat is required. If it is 
desired to obtain a good specimen of jeweller’s rouge a better 
method is to heat ferrous sulphate in a crucible. The equation 
for the action is as follows. 


2FeS0 4 =Fe 2 0 3 +S0 2 +S0 3 


The Preparation of Sulphates. 

The most important methods for the preparation of sul¬ 
phates are shortly as follows. 

1. The action of sulphuric acid on metals. 
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2. The action of dilute sulphuric acid on the oxides of 
metals. 

3 . The action of dilute sulphuric acid on hydroxides. 

4. The action of dilute sulphuric acid on carbonates. 

5. Precipitation of insoluble sulphates. 

It has been stated that sulphates belong to the class of 
substances known as salts. Practical instructions for the 
preparation of certain sulphates are given in Chapter XV 
where salts are dealt with more fully. 

The action of sulphuric acid on metals. 

Certain sulphates may be prepared by the action of dilute 
sulphuric acid on the metals. Thus, it has already been 
mentioned that dilute sulphuric acts on zinc, iron, and mag¬ 
nesium, yielding hydrogen and zinc, ferrous, and magnesium 
sulphates. These are the only common sulphates which may 
be prepared in this way. 

Sulphates are also obtained when concentrated sulphuric 
acid acts on metals. In this case, however, there is a waste 
of acid as some of the sulphur in the acid goes to form sulphur 
dioxide and possibly hydrogen sulphide. 

The action of dilute sulphuric acid on the oxides of metals. 

This is a convenient method to use when the metal is not 
acted upon by dilute sulphuric acid. For example, crystals 
of copper sulphate may be conveniently prepared by acting 
on copper oxide with hot dilute sulphuric acid. Dilute sul¬ 
phuric acid has no action on copper and the preparation by 
means of hot concentrated sulphuric acid and copper is 

troublesome. 

The action of the dilute acid on hydroxides. 

This is a useful method in a good many cases. It may be 
employed, for instance, in the preparation of sodium and 
ammonium sulphates, because sodium oxide is not a common 
substance and ammonium oxide is not obtainable. 
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The action of the dilute acid on carbonates. 

All carbonates are acted upon by dilute sulphuric acid. 
Carbon dioxide is given off and sulphates are left. 

Precipitation of insoluble sulphates. 

Sulphates which are only very slightly soluble in water 
may be prepared by precipitation. The chemical action is 
called double decomposition. Details for the preparation of 
a specimen of barium sulphate will be found on page 203. 


QUESTIONS. 

1. Give the formula and valency of the sulphate radical. 

2. Which sulphates are only slightly soluble in water? 

3. Name the solution which is added in order to test for a soluble 
sulphate. 

„ Name the substances given off when anhydrous ferrous sulphate 
is strongly heated? 

5. \\ hat substance is left after anhydrous ferrous sulphate has 
been strongly heated? 

6. Give the chemical names for blue vitriol, green vitriol, white 
vitriol, Epsom salts, Glauber’s salt, gypsum. 

7. State the uses of ammonium sulphate and calcium sulphate. 

8. Name five methods of ■nrermrinnr aiilrkVk a fnc- 


EQUATIONS. 

Write down equations for the following chemical actions :— 

9. The action which takes place when anhydrous ferrous sulphate 
is strongly heated. 

10. The action of dilute sulphuric acid on the oxides of copper, 
zinc, and magnesium. 

11. The action of dilute sulphuric acid on the carbonates of sodium 
potassium, ammonium, magnesium. 

12. The action of barium chloride solution on solutions of the sul¬ 
phates of sodium, potassium, ammonium, magnesium, ferrous iron, 
copper, zinc, and aluminium. 

13. The action of dilute sulphuric acid on the hydroxides of sodium, 
potassium, and ammonium. 
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CHAPTER XI 

Hydrogen Sulphide, H 2 S, and Sulphides of Metals 


The Preparation of Ferrous Sulphide, 

When mixtures and compounds were discussed it was 
mentioned that if a mixture of iron filings and sulphur is 
heated a compound called ferrous sulphide, FeS, is formed. 

Fe+S=FeS 

Ferrous sulphide is readily acted upon by dilute acids and 
a gas called hydrogen sulphide, or sulphuretted hydrogen, 

is given off. 



Sulphide 


in the Laboratory. 



Hydrogen 

sulphide 


1. Hydrogen sulphide is usually prepared in the laboratory 
by acting on lerrous sulphide with dilute hydrochloric acid. 

FeS + 2HC1=H 2 S+FeCl 2 

Heat is not necessary in order to start the action and 
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various types of apparatus may be used for the preparation. 

As small quantities of the gas are employed at frequent 

intervals in many chemical laboratories for testing purposes 

it is desirable to have it “on tap” and Kipp’s apparatus is 

often used. The ferrous sulphide is usually taken in the form 
of small cylindrical lumps called bolts. 

Dilute sulphuric acid may be used instead of dilute hydro¬ 
chloric acid, but the ferrous sulphate which is formed crystal¬ 
lises more readily than ferrous chloride and the use of dilute 
sulphuric acid is therefore not to be recommended. Dilute 
nitric acid is quite unsuitable because the acid has an action 
on hydrogen sulphide and sulphur is produced. 

The gas may be bubbled through a small quantity of water 
n order to show the rate at which it is being collected. The 
first lot of gas dissolves, but the water is soon saturated and 
the remainder of the hydrogen sulphide passes on. 

2. If hydrogen sulphide is required dry the only really 

suitable common drying agent is phosphorus pentoxide. 

Hydrogen sulphide acts on concentrated sulphuric acid, 

quicklime, and calcium chloride. The action on calcium 

chloride is only slight, however, and this substance is often 
used. 


3. Hydrogen sulphide is usually collected by the upward 

displacement of air. Occasionally it is collected over hot 

water, or over cold water which has been saturated with 
the gas. 


On account of the poisonous nature and objectionable 
smell of hydrogen sulphide it is usually preferable to collect 
jars of the gas in a fume chamber. When a jar is being 
collected by the upward displacement of air it is not easy 
to determine when it is full. It may be taken that a jar is 
reasonably full if a piece of filter paper moistened with lead 
nitrate solution is immediately blackened when held at the 
mouth of the jar. 


Sometimes the gas is collected over mercury, but the metal 
is slightly attacked. 
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1 Hydrogen sulphide is a colourless gas. 

2. Hydrogen sulphide has a strong objectionable smell 

which is often described as the smell of rotten eggs. It is 
said to be very poisonous. Small quantities produce head- 
aches and larger quantities cause death. .The smell of the 
gas is well known in school chemical laboratories and is 
chiefly responsible for the bad name which such places 
receive from classical students. The gas should be used only 
in the fume chamber and the ventilation should be so 
arranged that the bad smell escapes up the flue and does not 

spread throughout the laboratory. 

In spite of the supposedly very poisonous nature oi the 

gas its smell has been familiar to generations of schoolboys 
without their apparently suffering any particularly ill effects. 
The explanation is that the smell is so powerful that exceed¬ 
ingly small quantities can be detected by the nose. 

3~ Hydrogen sulphide is heavier than air. Advantage is 

taken of this fact when jars of the gas are being collected. 

4. Hydrogen sulphide is fairly soluble in water. One c.c. 
of water dissolves about 3 c.c. of the gas at room temperature. 

5. Hydrogen sulphide turns litmus solution slightly red, 
or “half red.” It will be remembered that carbon dioxide 
behaves similarly. A solution of hydrogen sulphide in water 
is sometimes called hydrosulphuric acid, but this name is 


rarely used. 

6. Hydrogen sulphide burns in air with a light blue flame. 
If the supply of air is plentiful water and sulphur dioxide 

are formed. 

2H.,S+30 2 =2H ; 0+2S0 2 


If the supply of air is restricted water and sulphur are 
obtained. 

2HoS+0 2 =2H 2 0+2S 

In practice, when the gas is lighted in an ordinary jar a 
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-c, isr zszx, “f ■«- - “•» -— 

. Jb SiT.S";, tTJT.ZTS !*• - 


When 


extinguished 


111 i n j me taper is ei 

although the gas lights at the mouth of the jar. 

8. When a jar of hydrogen sulphide is mixed with a iar 


2H 2 S+S0 2 =3S-J-2Ho0 


This 

dioxide were discussed. 


chlorine V hydrogen sulphide is mixed with a jar of 

chlorine fumes of a gas called hydrogen chloride HC1 are 
formed and sulphur is deposited ’ ’ 


H 2 S+Cl 2 =2HCl-fS 


\ he P r °P erties of hydrogen sulphide are 
to the fact that it is a good reducing agent. When 

sulphur dioxide was dealt with it was 
stated that this gas is also a reduc¬ 



ing agent. 


meaning 


pression will be explained later. 

11. A piece of silver is quickly 

blackened when exposed to the gas. 

This is due to the formation of silver 
sulphide Ag 2 S. 

12. When hydrogen sulphide is 
bubbled into solutions of the com- 

- , pounds of certain metals precipitates 

of the metallic sulphides are formed*/The colours of the sul¬ 
phides are shown in tbo fp/hlo •-i , _ • 


S ofut/on 
Precipitated 

suiphide 

Test tube w/tb Toot 

Fig. 62. 
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chapter. It is an attractive experiment to take a number of 
solutions of salts of different metals in special test tubes pro¬ 
vided with feet to enable them to stand on their own. When 
hydrogen sulphide has been bubbled into the solutions the 
test tubes are placed in a row and the colours and general 
appearance of the sulphides observed. At first the sulphides 
appear as colourations in the solutions, but they quickly sink 
to the bottom of the tubes and are then seen to be solids. 

Two examples of the action of hydrogen sulphide on solu¬ 
tions of salts of metals are as follows.' When the gas is 
bubbled into a solution of lead nitrate a black precipitate 
of lead sulphide is obtained. 

Pb(N0 3 ) 2 +H 2 S=PbS+2HN0 3 


When hydrogen sulphide 
cadmium chloride a fine 
sulphide is obtained. 


is bubbled into a solution of 
yellow precipitate of cadmium 


CdCl 2 + H 2 S=CdS+2HC1 


The property of producing precipitates of sulphides of 
certain metals makes hydrogen sulphide useful in detecting 
the presence of these metals in substances of unknown com¬ 
position. The branch of chemistry which deals with this 
subject is known as qualitative analysis. Consequently, 
hydrogen sulphide is a very familiar substance in elementary 
laboratories where a good deal of qualitative analysis is 
carried out. 

13. It should be noted that the gas is still frequently 

referred to as sulphuretted hydrogen. 

y 

Tests for Hydrogen Sulphide. 

1. Hydrogen sulphide is readily detected by its smell. 

2. A piece of filter paper moistened with a solution of lead 
nitrate is turned silvery black bj" the gas. 
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OCCURRENCE. 

1. Hydroge 

waters. Mine 


rdrogen sulphide occurs dissolved in certain mineral 
Mineral waters are natural spring waters which 
contain an unusually large amount of dissolved material. 
The mineral waters at Bath and Harrogate in England and 
Baden in Germany contain hydrogen sulphide as well as 
other compounds in solution. They have an unpleasant taste 

but are said to be beneficial to health. 

2. Hydrogen sulphide is often present in the neighbour- 
hood of volcanoes. 

3. A certain amount of hydrogen sulphide is usually 
present in the air of towns. This is particularly so in towns 
where industries requiring the burning of coal are carried on. 
It is noticed that articles made of silver tarnish quickly when 
exposed to the air of towns. The tarnishing is due to the 
formation of a thin coating of silver sulphide. 


Uses or Hydrogen Sulphide. 

1. Hydrogen sulphide is still used to a great extent in 

qualitative analysis. 

2. Hydrogen sulphide has some uses in chemical labora¬ 
tories on account of the fact that it is occasionally a con¬ 
venient reducing agent. 


Other Methods of Preparation. 

1. Most sulphides of metals are acted upon by hydrochloric 
acid to give hydrogen sulphide. Sometimes only the dilute 
acid is required and no heat is necessary, as with ferrous 
sulphide. With other sulphides the acid may have to be hot 
and concentrated. 

2. If pure hydrogen sulphide is required one of the methods 
recommended is to act on antimony sulphide with hot con¬ 
centrated hydrochloric acid. 


Sb 2 S 3 +6HCl=3H a 
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The gas is passed through a little water to get rid of any 
hydrogen chloride which is driven off by the heat. It is then 

dried and collected in the usual manner. 

Fairly pure hydrogen sulphide is more conveniently pre¬ 
pared by acting on calcium or barium sulphide with dilute 
hydrochloric acid. Heat is not necessary. 

BaS+2HC1=BaCl 2 -f H 2 S 

The gas obtained when commercial ferrous sulphide is 
acted upon by dilute hydrochloric acid is not pure. Com¬ 
mercial ferrous sulphide usually contains some free iron in 
addition to the ferrous sulphide. Consequently, the gas 
obtained by the action of dilute hydrochloric acid is usually 
mixed with hydrogen. For many purposes this does not 

m atter. 

3. Dilute sulphuric acid can often be employed, if desired, 
instead of dilute hydrochloric acid. 

History. 

The first man to make a thorough investigation into the 
properties of hydrogen sulphide was Scheele, but the gas had 
been known long before his time. 

Sulphides of Metaes 
The Composition of Sulphides. 

Sulphides usually consist of sulphur combined chemically 
with another element. A radical, such as ammonium, NH 4 , 
may take the place of the metal. 

Common Sulphides. 

1. A number of sulphides occur naturally. Most of the 
naturally occurring sulphides have a shiny metallic appear¬ 
ance and misiht easily be mistaken for metals. 
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known as iron pyrites, or simply 


familiar 


has a shiny yellow metallic appearance, and specks of it are 

« -C-L • 1 1 -. . * _ 


known 


“fool’s gold.” 
and must not 


This sulphide of iron has the forn - A , CU2 _ 

be confused with ferrous sulphide. Iron pyrites does not yield 
hydrogen sulphide with dilute hydrochloric acid. 

3. Important metallic sulphides which are found naturally 
are shown in the table. 


Table to Show Sulphides which occur Naturally 


COMMON NAME 
OF SULPHIDE 

Pyrites 
Galena 
Zinc blende 
Cinnabar 
Stibnite 
Copper pyrites 


METALS CONTAINED 
IN SULPHIDE 

Iron 

Lead 

Zinc 

Mercury 

Antimony 

Copper and iron 


Uses of Sulphides. 

The sulphides which occur naturally are often valuable 
materials. Iron pyrites is used for the sulphur it contains 
as one of the materials in the preparation of sulphuric acid. 
Iron pyrites is never used as an ore to obtain iron. The other 
sulphides shown in the table are all used as ores from which 
the metals are obtained. 


The Solubility of Sulphides m Water. 

All common sulphides, except sodium, potassium, and 
ammonium sulphides, are practically insoluble in water. 


The Preparation of Sulphides. 

1. A number of sulphides of metals are formed by heating 
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mixtures of the metals and sulphur. This has already been 
described in the case of iron and sulphur. 

2. A number of sulphides are precipitated when hydrogen 
sulphide is bubbled into solutions of salts of the metals. 
Thus when hydrogen sulphide is passed into a solution of 
antimony chloride an orange coloured precipitate of anti¬ 
mony sulphide is obtained. 


2SbCl 3 +3H 3 S=SboS 3 +6HCl 


3. Certain sulphides of metals are precipitated when a 
solution of ammonium sulphide is added to solutions of the 
silts of the metals. Thus when ammonium sulphide is added 
to a solution of zinc sulphate a white precipitate of zinc 
sulphide is obtained. 

(NH 4 ) 2 S+ZnS0 4 =ZnS+(NH 4 ) 2 S0 4 

Table to Show the Colours of Sulphides prepared 

in the Laboratory 


SULPHIDE 

FORMULA 

COLOUR 

Lead sulphide 

PbS 

Black 

Silver sulphide 

Ag 2 S 

Black 

Mercuric sulphide 

HgS 

Black 

Copper sulphide 

CuS 

Black 

Bismuth sulphide 

Bi„S 3 

Black 

Ferrous sulphide 

FeS 

Black 

Nickel sulphide 

NiS 

Black 

Cobalt sulphide 

CoS 

Black 

Cadmium sulphide 

CdS 

Yellow 

Arsenic sulphide 

A.s 2 S 3 

Yellow 

Stannic sulphide 

SnS 2 

Yellow 

Stannous sulphide 

SnS 

Brown 

Antimony sulphide 

Sb 2 S 3 

Orange 

Manganese sulphide 

MnS 

Buff 

Zinc sulphide 

ZnS 

White 
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QUESTIONS. 


1. Give the common name for hydrogen eulnhide 

hydro g tr,‘LrtaTe Ce &or the T' «* 

I' * 

a Wk 18 n ( 6 a °“ 0n ° f hy^ogen sulphide on litmus- 
in a VStful suppTof P rod ““ d hydrogen sulphide bums 

in a limited ^“^1 Pr ° dU ° ed Wh6D hydr °«“ ^P™* »™ 
8. What is the colour of the flame of burning hydrogen sulnhide? 

produced when hydr °*“ sysEtd 

Chlorine am 6 ,Sxe5 UbStanCe3 Pr ° dUCed when hydro 8“ ^pUde and 

preVenfeThXgen^pSf * em P loyad * ** *>r the 

Js Name Vhe ™ purit .y in commercial ferrous sulphide, 

front' commercial JphT* “ **■*“ ** 

}«* SJ lch 19 , t . he most commonly occurring sulphide? 

16* Static the i n ? tUr f l Uy occurring sulphides valuable materials? 
16. State the rule for the solubility of sulphides in water. 

EQUATIONS. 

17 Tha*Lt?n7 % T ati ° nS /° r the flowing chemical actions:- 
lhe acfclon of hydrochloric acid on the sulphides of ferrous iron 
antimony, barium, zinc, and cadmium (divalent). ’ 

iron antTmonv^f dUUte sul P hur j c acid on the sulphides of ferrous 
To ^ timony ’ ca] cium, zinc, and manganese. 

limited stp^yTf S: Ch ° C0UrS WheD hydr0g6D 8 ul P hide is bumt » 

plemiful h tupp1rof W ah Ch °° 0UrS Whe “ hydr ° g6n TOl P hid6 is bumt “ a 

21. The action of hydrogen sulphide on sulphur dioxide. 

OQ TU acfclon of hydrogen sulphide on chlorine. 

into JI,,! 6 aotloas ^ hlch take P la ce when hydrogen sulphide is bubbled 
mt 0 °/ 0 ^ tl0nS . 0f fc he nitrates of lead, silver, and bismuth. 

intn 0 «| h ? art,oas 7 hl °h tak e place when hydrogen sulphide is bubbled 
into solutions of the chlorides of mercuric mercury, cadmium, anti- 

mony, copper, stannous tin, stannic tin, and arsenic. 

o i v*J he actloris which take place when a solution of ammonium 
sulphide is rmxed with solutions of the sulphates of ferrous iron, nickel 
(divalent), cobalt (divalent), manganese, and zinc. 
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Chlorides, Hydrogen Chloride, and Chlorine 

The Composition of Chlorides. 

Chlorides usually consist of chlorine combined chemically 
with another element. A radical, such as ammonium, NH 4 , 
may take the place of the other element. 

Common Chlorides. 

Chlorides of most elements can be made. The most 
important chloride known is sodium chloride, which is called 
common salt. Huge deposits of this substance occur in 
various parts of the world and are called rock salt. Salt also 
occurs dissolved in sea water and is sometimes obtained from 
this by evaporation. Salt is obtained from the deposits of 
salt, either by cutting it and bringing it up in lumps, or by 
dissolving it in water and pumping up the solution. In order 
to obtain the solid salt the solution is then evaporated in 
large pans. In deposits of salt small quantities of other 
chlorides may be present. Magnesium chloride is a common 
impurity. A solution of salt is called brine. 

Another well known chloride which, however, is not nearly 

' 1 - 

so important as sodium chloride, is ammonium chloride, 
commonlv called sal ammoniac. 

Properties of Sodium Chloride. 

Sodium chloride, or common salt, is such an important 
chemical that it is advisable to consider 
it in some detail. 

It crystallises as cubes and masses of 
« ' 

the crystalline substance occur. The 

* 

shape of the crystals is usually distorted. 

No water of crystallisation is present in Crvsta! of rock 

the crystals. Fig. 63 _ 



SZtt 
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Sodium chloride dissolves well in water at ordinary 

temperatures. 100 grams of water dissolve about 36 grams 

oi salt, but the solubility increases only very slightly as the 

temperature is increased. The solubility curve is nearly a 
straight line. 


Ordmary common salt becomes slightly sticky in a moist 
atmosphere. It is apparently slightly deliquescent. Sodium 
chloride itself is not deliquescent, but magnesium chloride 
occurs to a small extent as an impurity and this substance, 
which is very deliquescent, causes the salt to stick. Table 
salt has a small quantity of another substance added to 
remove the magnesium chloride and make the salt ‘Tun.” 


Uses of Sodium Chloride. 

1. The uses of common salt for preserving foods and as 

a flavouring material and for aiding the digestion are well 
known. 

2. Large quantities of common salt are employed in the 

manufacture of sodium carbonate and sodium hydroxide. 

These manufactures constitute a part of what is known as 

the alkali Industry, which is a very important industry in 
Great Britain. 

3. Common salt is used for the manufacture of chlorine 
and this is another important industry. 


The Solubility of Chlorides in Water. 

All common chlorides, except lead, silver, and mercurous 
chlorides, are readily soluble in water. Lead chloride is much 
more soluble in hot water than in cold. 


The Action of Concentrated Sulphuric Acid on 
Chlorides. 

All chlorides are acted upon by concentrated sulphuric 
acid. Heat is not necessary to start the action. A gas called 
hydrogen chloride is given off. 
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When concentrated sulphuric acid is added to some sodium 
chloride in a test tube frothing takes place and a mass of 
small bubbles consisting of hydrogen chloride, sulphuric acid, 
and salt works its way up the tube. The presence of the hydro¬ 
gen chloride is observed by the fumes which appear at the top 
of the tube. The equation for the action is given when the 
preparation of hydrogen chloride is dealt with. Two typical 
equations for the action of concentrated sulphuric acid on 
other chlorides are as follows. 

HgCl,+ H „S 0 4 =2HC1+ HgSO 4 
SnCl 2 + H 2 S 0 4 = 2HCI-f SnS 0 4 

4he Preparation of Hydrogen Chloride in the 
Laboratory. 

1. Hydrogen chloride is usually prepared in the laboratory 
by the action of concentrated sulphuric acid on sodium 
chloride. 

Apparatus is fitted up as shown in the diagram. Some 
common salt is placed in the flask and concentrated sulphuric 
acid is added from the tap funnel. Hydrogen chloride is 
given off without the application of heat and a substance 

called sodium hydrogen sulphate, NaHS0 4 , is left. Sodium 

hydrogen sulphate is sometimes called sodium bisulphate. 

NaCl+H 2 S 0 4 =HCl-f NaHSO 4 

Gentle heating merely speeds up the action, but with 
strong heating hydrogen chloride is given off and normal 
sodium sulphate, Na 2 S0 4 , is left. 

2NaCl+H 2 S0 4 =Na 2 S0 4 +2HCl 

W ith potassium chloride there are similar actions and 
similar equations. Most chlorides do not yield bisulphates 

in this wav. 

%. 



142 


CHEMISTRY FOR SCHOOLS—PART II 


« wjr tuts upwara aispiacement of air 

or over mercury, as it is too soluble to be collected over water. 


Sodium chloride 
and concentrated 

suiphuric acid 



Concentrated 

sulphuric acid 


Concentrated 

su/phuric 

acid 




Hydropen 
ch/oride 


Fig. 64. 


3. If required dry the gas is bubbled through concentrated 
sulphuric acid. In any case, it is convenient to pass it through 
a Drechsel bottle containing concentrated sulphuric acid in 
order to observe the rate at which the gas is given off. 

j/^ROPERTIES OF HYDROGEN CHLORIDE. 

1. Hydrogen chloride is a colourless gas which fumes when 

exposed to damp air. This is readily observed by blowing 
across the mouth of the jar. 

"• I he gas has a sharp, irritating, choking smell. 

3. It is heavier than air. 

4. Hydrogen chloride is very soluble in water. It is far 
too soluble to be collected over water. One c.c. of water 
dissolves about 458 c.c. of hydrogen chloride at room tem¬ 
perature. The solution in water is called hydrochloric acid, 
or sometimes “spirit of salt.” 

The fact that hydrogen chloride is very soluble in water 
may be shown by inverting a jar containing the gas in a 
trough of water. When the cover is removed the water 
quickly rises in the jar. A striking method of demonstrating 
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the great solubility of hydrogen chloride is known as the 
^untain experiment. At the same time the action of the gas 

on litmus may be shown. 

A round bottomed 



flask is filled with 
hydrogen chloride and 
then fitted with a 
rubber stopper 
through which passes 
a long glass tube, the 
end in the flask being 
drawn out into a jet. 
The flask is then in¬ 
verted and the glass 
tube dipped well into 
water with litmus 
solution which has 
been coloured blue bv 
the addition of a little 
sodium hydroxide. 
The solution of lit- 


Fio. 05. mus in the gas jar 

gradually rises in the 
glass tube as the hydrogen chloride is dissolved. When the 
first drop of liquid comes out of the jet it is able to dissolve 
a large volume of the hydrogen chloride present. Conse¬ 
quently, the pressure in the flask is greatly reduced. This 
causes water in the tube to be forced up rapidly and appear 
at the jet in the form of a fountain. As the flask fills it can 
be seen that the colour of the litmus has been changed from 

l_ 

blue to red. Hydrogen chloride is therefore an acid gas. 
f>. Hvdrogcn chloride does not burn. 

0. Hydrogen does not support ordinary combustion. A 
lighted splint, or a lighted taper, is immediately extinguished 
when plunged into a jar of the gas. 

7. Hydrogen chloride combines with a gas called ammonia, 
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chloride ^ deDSe white fumes of a soUd known as 


HC1+NH,=NH.C1 


shown 


The easiest 


Hydrogen 

chloride 


method is to blow across the mouth of a bottle containing a 

solution of ammonia towards a bottle or test tube containL 

hydrogen chlor.de A better method is to dip a glass rod into 

the ammonia bottle and then bring the rod to the hydrogen 
chloride. The dense white fumes ^^ 

which appear provide a good test for \ 

the presence of hydrogen chloride. 

An attractive method of showing —— Ammonia 

the formation of ammonium chloride 

is to fill two gas jars, one with the ! 

hydrogen chloride and the other with E -P 

ammonia gas. The jars are then placed 

mouth to mouth with the ammonia - Hydrogen 

jar on top of the jar of hydrogen chloride 

chloride. This arrangement is adopted 

because ammonia is much lighter than J-L 

hydrogen chloride. The covers are re- jr IG , 66. 

moved and the jars are inverted in 

order to mix the gases. Provided the gases are not too dry 

the walls of the jars become coated with a white deposit of 
ammonium chloride. 

Another method of showing the reaction is to pour a little 
of a concentrated solution of ammonia into a jar containing 
a concentrated solution of hydrogen chloride. A very vigor¬ 
ous reaction takes place and some solid ammonium chloride 
is obtained on the sides of the jar, but most of the ammonium 
chloride formed goes into solution. 

Tests eor Hydrogen Chloride. 

Hydrogen chloride is usually detected by its f um ing 
appearance in moist air, its smell, and its action on ammonia. 


Fig. 66. 
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It may also be detected by holding in the gas a drop of a 
solution of silver nitrate and nitric acid on the end of a glass 
rod. A white precipitate of silver chloride forms in the drop. 


HC1+ AgNO 3 =AgCl-f HN 0 3 

/ 

To Obtain a Solution of Hydrogen Chloride. 

Hydrogen chloride is a very soluble gas. If the attempt to 
dissolve it in water is made by means of the usual narrow 

bore delivery tube as illustrated in the first diagram, what 

%/ _ 

is known as “sucking back” will probably occur. This means 
that the water dissolves the gas more quickly than it is being 
delivered. In that case the water rises in the delivery tube 
and will probably enter the flask in a manner resembling 
that of the fountain experiment. If the hydrogen chloride 
is being prepared by the action of concentrated sulphuric acid 
this may prove to be dangerous. 

The simplest method of making a solution of a very 
soluble gas is that illustrated in the second diagram. The 
mouth of a funnel dips slightly beneath the surface of the 
water in a large beaker and the stem of the funnel is con¬ 
nected to the delivery tube of the apparatus from which the 
gas is being prepared. Sucking back is prevented by the fact 


Hydrogen r,'-}-> r irfe Hydrogen chloride 



Un sat.: fe>: Cory Inverted funnel 

method 

Fig. 67. 
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that if the water rises very far in the funnel the level of the 

remainder of the water in the beaker will fall below the rim 

oi the funnel. In practice this does not occur since the water 

m the funnel would immediately fall out again and restore 

he level. On the other hand, if the gas is being delivered 

very quickly it may happen that bubbles escape because it 
cannot be dissolved quickly enough. 

Properties of Hydrochloric Acid. 

The solution obtained when hydrogen chloride is dissolved 

m water is called hydrochloric acid. Solutions of hydrogen 

chloride are referred to as concentrated hydrochloric acid and 

dilute hydrochloric acid according to the quantity of hydrogen 

chloride they contain. Concentrated hydrochloric acid 

usually contains so much hydrogen chloride that it fumes 
when exposed to the air. 

The solution of hydrogen chloride in water behaves as a 

typical acid and has the properties of acids, some of which 
have already been given. 

1. It is a colourless liquid when pure. The commercial, 
or “technical” concentrated acid is sometimes of a yellowish 
colour on account of impurities. 

2. It has an acid reaction to indicators, e.g. litmus, methyl 
orange, and phenolphthalein. 

3. The dilute acid acts on zinc, iron, and magnesium. Heat 
is not necessary to start the actions. Hydrogen is given off 
and chlorides are left. The equations are as follows. 

Zn+2HCl=H 2 +ZnCl 2 

Fe+2HCl=H 2 -fFeCl 2 

Mg+2HCl=H 2 -fMgCl 2 

Hot dilute hydrochloric acid also acts on alu minium , 

2A1-J- 6HC1=3H 2 + 2A1C1 3 

Concentrated hydrochloric acid acts on the four metals 


t 
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already mentioned and also acts upon tin. Hydrogen is given 
off and stannous chloride is left. No heat is necessary. 

Sn-j- 2HC1 =H 2 -f SnCl 2 

The following list of metals placed in order of their 
chemical activity is an extension of that given on page 38. 

The way in which this more extended list has been obtained 
will be explained later. A study of the order of the metals 
in the list will help you to remember a number of the chemical 
properties of the metals and their compounds. 

Potassium 

Sodium 

Calcium 

Magnesium 

Aluminium 

Zinc 

Iron 

Tin 

Lead 

Copper 

Mercury 

Silver 

Gold 

Although the list is a good guide it must not be supposed 
that it always works without exceptions. The positions 
occupied by the metals which are acted upon by hydro¬ 
chloric acid should be studied and it should be noted whether 
these are always the positions which might be expected. 

4. Dilute hydrochloric acid acts on all carbonates. Carbon 

4 

dioxide is given off and chlorides are left. No heat is neces¬ 
sary. Sometimes the action is slow where an insoluble 

4 

chloride is formed. Equations for the action on two car¬ 
bonates are ciivem 
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CaC0 3 +2HC1 =C 0 2 + CaCI ,+H s O 

Na ? C0 3 +2HCl=C0 2 +2NaCl+H s 0 


• .C> ^ ocn on c acid acts on the oxides of metals 
chlorides and water. Heat is often necessary. Two e> 
are given. 


to give 
amplea 


Cu 0 -f- 2 HC1=CuCl 2 -f H 2 0 

Zn0+2HCl=ZnCl“-f-H“0 


-- 

and water, e.g. 


hydroxides 


Cu(OH) 2 -f 2HC1 

XaOH 4- HC1 


CiiCl 2 -f2H 2 0 
NaCl + HoO 


XH 4 OH + HCl=NH 4 Cl-f- H 2 0 

Preparation of Chlorides. 

It can be seen that chlorides may be prepared by the action 
oi hydrochloric acid on 

1. Certain metals. 

2. Carbonates. 

3. Oxides of metals. 

4. Hvdroxides. 

Cnloi ides may also be prepared by making the metal 
combine directly with a gas called chlorine. This is referred 
to again later when chlorine is dealt with. 

1 he insoluble chlorides, lead, silver, and mercurous 
chlorides, may be prepared by precipitation. A soluble com¬ 
pound of the metal is taken and dissolved in water. Excess 
of hydrochloric acid, or a solution of a soluble chloride, is 
added and the insoluble chloride is precipitated. The equa¬ 
tion for the action of sodium chloride on mercurous nitrate 
is given. Mercurous chloride is precipitated. 


HgX0 3 +XaCJ — HgCJ-f-XaNOj 
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In order to obtain the chloride in a condition as pure as 
possible it is filtered and washed to free it from any excess 
of sodium chloride used and the sodium nitrate formed. 


Chlorine, Cl 2 

If concentrated hydrochloric acid is added to some man¬ 
ganese dioxide in a test tube and the mixture is kept cold a 
dark brown solution is formed. When this solution is heated 
a greenish yellow gas called chlorine is given off. 



he Preparation of Chlorine in the Laboratory. 


1. Chlorine may be prepared in the laboratory in a number 
of different ways, but when it is desired to obtain jars of the 



gas the method in which concentrated hydrochloric acid and 
manganese dioxide are employed is frequently used. It is 
preferable to carry out the experiment in a fume chamber, 
as chlorine is a very irritating and poisonous gas. 

The apparatus is fitted up as shown in the diagram. Con- 
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centrated hydrochloric acid is added to some mang o ntvm 

dioxide in a round-bottomed flask and the mixture is gently 

heated. The final products of the reaction are shown in the 
following equation. 


Mn0 2 4-4HCl=Cl 2 +MnCl,+2H 2 0 

The gas which comes over consists of chlorine which is 
contaminated with hydrogen chloride driven off from the 
concentrated hydrochloric acid by the heat. The mixed 
gases are therefore passed into a little water contained in a 

__ . V _ . 1 1 ill n ^ . . - 


water soon 


becomes saturated. The hydrogen chloride is very soluble 

_1 _J 1 1 • 1 <1 n ^ 


passes 


Ihe chlorine is then bubbled through a little concen¬ 
trated sulphuric acid, which partially dries it. The properties 
of chlorine are best demonstrated when the gas is slightly 


damp. 


upward displace-; 


ment of air. It cannot be collected satisfactorily over water, 

but it is sometimes collected over brine in which it is not 
so soluble. 


/ p 


1 . Chlorine is a greenish yellow gas. The name “chlorine’' 
is given to the gas on account of its colour. The word comes 
from a Greek word “chloros” which means yellowish green. 

2. Chlorine has a choking, characteristic smell. The gas 
should be smelt with great caution as it has a serious effect 
on the breathing organs. It is well known that chlorine has 
been used in war in an endeavour to disable the opposing 

troops. 

3. Chlorine is about 2\ times as heavy as air. 

4. It can be fairly easily liquefied by the application of 
pressure, or by cooling at ordinary pressures. 

5. The gas is moderately soluble in water. One c.c. of 
water at ordinary temperatures dissolves about 2 6 c.c. of 
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the gas. The solution is yellowish in colour and smells of 
chlorine. It is called chlorine water. Chlorine water is not 
very stable and decomposes when kept. Hydrochloric acid 
is formed and oxygen is given off. 

Cl 2 -f H 2 0=2HCl-f 0 2 

G. Damp litmus paper is rapidly bleached. 

7. Chlorine does not bum. 

8. A lighted pine splint is extinguished when plunged into 
a jar of the gas. Chlorine, however, supports the combustion 
of a number of other things very well. 

(a) A lighted taper continues to burn in the gas. The fLame 
becomes reddish and clouds of carbon and hydrogen chloride 
are produced. The presence of the hydrogen chloride may 
be shown by means of a glass rod moistened with a solution 
of ammonia. The taper consists of substances called hydro¬ 
carbons, which are compounds of hydrogen and carbon. The 
chlorine combines with the hydrogen, forming hydrogen 
chloride, and the carbon is set free. 

(b) If a jet of burning hydrogen is lowered into a jar of 
chlorine the hydrogen continues to burn. Fumes of hydrogen 
chloride are formed. 


II 2 -f C1 2 =2HC1 


(c) Some things catch fire in chlorine without being pre¬ 
viously heated. This phenomenon is called spontaneous 
combustion. This may be illustrated by means of the sub¬ 
stance known as Dutch metal. Dutch metal, which consists 
mainly of copper, may be obtained in the form of extremely 
thin sheets or leaves, resembling gold leaf. When some 


crumpled leaves of Dutch metal are thrown into a jar of 
chlorine the metal catches fire and yellow fumes, consisting 
mainly of copper chloride, are formed. 


cwei„=euOi 0 
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(d) The effect of spontaneous combustion may also be 
shown by means of antimony. Antimony is a metal which 
may be obtained in the form of a powder. When some of 
the powder is shaken from a pepper caster with very small 
holes into a jar of chlorine, streaks of flame are produced 
and white fumes of antimony chloride are formed. 

2Sb-j-3Cl 2 =2SbCl 3 

(e) A small piece of yellow phosphorus also burns spon¬ 
taneously, forming phosphorus trichloride. 

2P-f 3C1 2 =2PC1 3 

(f) A hydrocarbon which shows the effect of spontaneous 
combustion is turpentine. If some filter paper moistened with 
turpentine is placed in chlorine a chemical action takes place 
between the turpentine and the chlorine and the heat pro¬ 
duced is sufficient to set both the turpentine and the paper 
on fire. The experiment may also be performed using glass 
wool instead of filter paper to hold the turpentine. The 
turpentine again catches alight spontaneously, but the glass 
itself does not burn. The action is similar to that which takes 
place when a taper burns in chlorine. Clouds of carbon and 
hydrogen chloride are formed. 

9. A number of other substances combine with chlorine 
when they are heated. Sodium and iron may be taken as 
examples. If a stream of chlorine is passed over the heated 
metals combination takes place. Sodium chloride and ferric 
chloride are formed. 

2Na+Cl 2 =2NaC) 

2Fe-f 3Cl 2 =2FeCJ 3 

10. Chlorine possesses valuable bleaching properties. The 
coloured articles must be damp. The action is not easy to 
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understand, but it may be stated that a new substance con¬ 
taining more oxygen is often formed. If the new substance 
is colourless the colour is said to be bleached. Chlorine is said 
to bleach by oxidation. The bleaching action of chlorine is 
readily demonstrated. 

(a) A wet coloured flower when placed in a jar of chlorine 
and left for some time has the colour destroyed. 


(b) A piece of damp red cloth may be left in a jar of the 
gas. The colour gradually disappears. 

(c) Chlorine bleaches writing ink, but not printer’s ink. 
This is because printer’s ink contains carbon and chlorine 
lias no direct action on carbon. The effect is demonstrated 
by exposing a piece of paper with words on it in both writing 
ink and printer’s ink. Provided moisture is present the hand¬ 
writing disappears, but the printing remains. 

11. Chlorine and sulphur dioxide react in the presence of 
water to form hydrochloric and sulphuric acids. 


Cl SO 2 + 2H 2 0 =2HC1+ H 2 S0 4 

12. Chlorine and hydrogen sulphide react when w T ater is 
present to form hydrochloric acid and sulphur. 

Cl 2 + H 2 S=2HC1+ S 


13. Chlorine is absorbed by a solution of sodium hydroxide. 
The nature of the substances formed depends on whether 
the solution is cold or hot. If the solution is cold and dilute, 
sodium hypochlorite, NaClO, and sodium chloride are formed. 


2NaOH+ Cl ,=NaC10+NaCl+ H 2 0 


If the solution is hot and concentrated, sodium chlorate, 
NaClOg, and sodium chloride are formed. 


6NaOH+ 30 o= NaClO 3 -j- 5NaCl+ 3H 2 0 
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Similar reactions take place with potassium hydroxide. 

• When chlorine is passed over slaked lime (calcic 
nydroxide), bleaching powder is foi_ 

is sometimes called chloride of lime. 

, ! 5 „ Chlor r 1 . n l e ls a ^ ember of a fa mily of elements called the 
alogens. These elements have many similar chemical 

properties. The members of the family are fluorine, chlorine 
bromine, and iodine. 


w Tests for Chlorine. 

♦ 

The presence of chlorine may be recognised by its smell 
even when there is insufficient gas to cause a noticeable 
colour. A test which is often applied is the action on damp 
litmus paper. The colour is bleached. 


Other Methods of Preparing Chlorine. 

1. Instead of acting on manganese dioxide with hydro¬ 
chloric acid a mixture of manganese dioxide and sodium 
chloride may be heated with concentrated sulphuric acid. 
In order to understand what takes place it may be considered 
that the first thing which happens is that the sulphuric acid 
acts on the sodium chloride to form hydrogen chloride. The 
hydrogen chloride then acts upon the manganese dioxide to 

form chlorine. The whole action may, however, be expressed 
in one equation as follows. 

2NaCl+Mn0 2 +3H 2 S0 4 =Cl 2 +2NaHS0 4 +MnS0 4 +2H 2 0 

2. Chlorine may be prepared by the action of other sub¬ 
stances on hydrochloric acid besides manganese dioxide. 
These substances are known as oxidising agents. The mean¬ 
ing of this term will be understood more fully later. 

(a) Lead peroxide, Pb0 2 , and red lead, Pb 3 0 4 , both act on 

hydrochloric acid without the application of heat. Chlorine 
is given off. 
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Pb 0 2 +4HC1=Cl 2 -f PbCl 2 + 2 H 2 0 
Pb s O 4 + 8HC1 =C1 2 + 3PbCl 2 +4H 2 0 



The lead chloride which is formed is only slightly soluble 
in water. 

Litharge (lead monoxide, PbO) does not act as an oxidising 
agent with hydrochloric acid. If the action is tried it is found 
that no chlorine is given off, but lead chloride and water are 
formed on heating. When the solution is cooled crystals of 

lead chloride are formed. 


PbO-f 2HC1 =PbCl 2 -fH 2 0 

(b) Another oxidising agent which may be employed is 
potassium permanganate, KMn0 4 . When a small quantity 

of chlorine is required the action of concentrated hydro- 


permanganate 


No 


ctj? 



Salt solution 


m 

Chlorine 


Carton electrode 

+ 


4 ?o 


\ 


Hydrogen 



Carbon rod 


Brass cap 


En faroed view 


of Electrode 



Carbon electrode 



Fig. 69. 
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required 


students might like it given now “ Mmber ol 

2KMn 0 4 +16HC1=5C1 2 + 2KC1+ 2MnCl 2 + 8H 2 0 

3. If a current of electricity is passed through a solution 
of sodium chloride, chlorine is given off at the anode and 
hydrogen at the cathode. At the same time a solution of 
sodium hydroxide is obtained at the anode. ThisnTbe 
shown by means of a voltameter fitted with carbon elec- 

Platinum ITT t*— 63 DOt used as chlo ™ e «ts on 
platinum At the beginning of the experiment the chlorine 

is not oh?™ 6 '? dlS , s .° 1 ™ s m the water and so the full quantity 
is not obtained until the water is saturated. 

If the solution of sodium chloride is coloured with litmus 
the colour is bleached in the anode limb by the chlorine and 
turned blue in the cathode limb by the sodium hydroxide. 

The Manufacture of Chlorine. 

A number of methods of manufacturing chlorine have been 

tried, but the method now chiefly adopted is the electrolysis 

of a solution of sodium chloride. The process is very similar 

to that j ust described and is used for the manufacture of both 
chlorine and sodium hydroxide. 


/U 


Large quantities of chlorine are manufactured for use in 


bleaching 


--- VOO.V-/ xjLlCUli.UA.CtU OUltJ 

ot other substances, such as certain non inflammable solvents, 

some of which are used in dry cleaning. 


/ 


Chlorides 


v }' ^ chlorides are acted upon by concentrated sulphuric 
acid without the application of heat. Hydrogen chloride is 

given off and may be recognised by its fuming nature and 
its action on ammonia. 
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mixed 


with 


A mixture of chlorine and hydrogen chloride is given ott. 
The chlorine is detected by its colour, smell, and bleaching 

action on litmus. 

3. If the chloride is soluble a solution is made in distilled 
water and a solution of silver nitrate is added. A white pre¬ 
cipitate of silver chloride is obtained. This 
exposed to light. For example, 


turns 


NaCl-f AgN0 3 =AgCl+NaN0 3 


It is usual 


dding 


nitrate in order to prevent other white precipitates from 
forming. 

History. 

-^Common salt has, of course, been known from the earliest 
times. 

Hydrogen chloride was made by Glauber in 1658, but was 
first recognised as a gas by Priestley in 1772. He collected 
it over mercury in a pneumatic trough. Hydrochloric acid 
was called marine acid or muriatic acid. 

Chlorine was discovered by Scheele in 1774. The gas was 
later called oxy-muriatic acid, and it was only after the work 
of Davy in 1810 that it was considered to be an element. 


QUESTIONS. 

1. Name the elements in common salt. 

2. In what form does common salt crystallise? 

3. What is the impurity in common salt which causes it to be 

deliquescent? 

4. Mention a peculiarity with regard to the solubility curve of 

common salt. 

5. W 'hat is the name given to the industry in which sodium car¬ 
bonate and sodium hydroxide are manufactured? 

(i. What is sal ammoniac? 
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7. Name three common insoluble chlorides 
chlorides™ * he rU ‘ e f0F the concentrated sulphuric acid on 

med “ the Preparati “ ° f ^egon 

13. Name the"subst’aMe'whi’ch^parties of hydrogen chloride, 
chloride. substance winch g,ves white fumes with hydrogen 

a so 4 l'ut?on e of a ^TsolubT'e apptratus which may be used to obtain 
15. What is hydrochloric acid? 

17.’ Name°a metal 6 w hi c h^s ^ead' 1° h y drochIor ic acid, 
chloric acid. Ch 13 not much affe °ted by dilute hydro- 

chio ri e G i™dt“ySThills Stances which are aoted “P™ b y hydto- 

chlorineTthe laborer ***** “ ““ USUa > P«P»*«on »f 

n. 

11. How is chlorine collected? g 

-3. W hat is chlorine water? 

cldorinm " ti0a thr8e subst “^ which ignite spontaneously in 
the 23 gas Name tW ° “ etal8 WWch COmbine with chlorine when heated in 

eutem^e h s a lrrr, t i°TcUo I Se! aken When * “ “ tend6d 10 b ^ eacb 

bleached™ chiortae" 16114 *“ preTOnt8 P™ ter ’ 8 ** f» being 

•5 S?r°Tv ba *— 

a St when 

rial 6 ectricity is passed through salt solution. 

through stlutionT When “ CmTent ° f * P^ed 

for the e,ectroiysi3 ° f sait s ° ia - 

«• T 6 t b " efly r modem ”,c‘bod for the manufacture of chlorine. 

d5. Orive two of the uses of chlorine. 

?S* 25*“ the modern name for muriatic acid? 

61 . Who discovered chlorine? 

38. Who first showed that chlorine was probably an element? 

39. Jvame the members of the halogen family of elements. 
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equations. 

Write down equations for the following chemical actions 
40 The action of concentrated sulphuric acid on the chlorides ol 
sodium, potassium, copper, zinc, aluminium, calcium, magnesium, 

ferric iron, ammonium, and stannous chlonde. 

41. The action of a solution of silver nitrate on solutions of the 

chlorides of sodium, potassium, ammonium, copper, zinc, calcium, 

barium, and magnesium. , A 1 _ _ j 

42. The action of hydrochloric acid on manganese dioxide, red lea-cb 

lead peroxide, lead monoxide, iron, magnesium, aluminium, tin, and 

silver nitrate. , 

43. The action of chlorine on copper, antimony, phosphorus, 

sodium, iron, hydrogen, sodium hydroxide solution, hydrogen sul¬ 
phide, and sulphur dioxide. , 

44. The action of hydrochloric acid on the carbonates of sodium, 

calcium, and pota»ssium. , . 1 . 

45. The action of hydrochloric acid on the oxides of copper, zinc, 

and aluminium, t r 

46. The action of hydrochloric acid on the hydroxides of sodium 

potassium, ferric iron, ammonium, and calcium. 


CHAPTER XIII 

Nitric Acid, Nitrates, and Oxides of Nitrogen 
Oxides of Nitrogen. 

There are at least five oxides of nitrogen known, but only 
three of them are important in elementary chemistry. They 

are 

Nitrous oxide, N 2 0 
Nitric oxide, NO 
Nitrogen peroxide, N0 2 

These oxides will be referred to frequently when nitric acid 
and nitrates are discussed. The preparation and properties 
of the oxides will be dealt with in detail afterwards. 
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The Action of Concentrated Sulphuric Acid 
on Nitrates. 


All nitrates are acted upon by hot concentrated sulphuric 

acid. Nitric acid and sulphates are formed. With sodium 

and potassium nitrates the normal sulphates are not formed 

unless the temperature is very high. The bisulphates are 
first produced. 

The Preparation of Nitric Acid in the Laboratory. 


A specimen of nitric acid may be prepared in the laboratory 
by distilling a mixture of potassium nitrate and concentrated 



sulphuric acid. Apparatus similar to that shown in the dia¬ 
gram is set up. The receiver should stand in a trough or sink 
of cold water. It may be cooled even more efficiently by a 
stream of cold water from the tap. 

The concentrated sulphuric acid acts on the nitrate and 
on heating, nitric acid distils over. Some of the nitric acid 
is split up by the heat with the formation of reddish brown 
fumes of the gas nitrogen peroxide. The experiment is a 
pretty one to watch as the retort becomes filled with the 
brown fumes. These disappear at the end of the process. 
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The substance left in the retort is potassium hydrogen 
sulphate, or potassium bisulphate. 


kno 3 +h 2 so 4 -khso 4 +hno 3 


Ordinary potassium 
temperature is higher 


sulphate is not formed unless the 
than that which can be conveniently 


obtained with a glass retort'. 


Properties of Nitric Acid. 

1. Pure nitric acid is a colourless liquid. The distillate 
obtained in the laboratory preparation is yellow. This is 
because* of the presence of nitrogen peroxide. This may be 
removed by passing a current of air through the acid. The 
concentrated nitric acid in the bench bottles is nearly always 
coloured yellow on account of some decomposition having 
taken place. 

2 . Nitric acid dissolves in water. The ordinarv bench dilute 

V 

acid usually contains about one volume of nitric acid dissolved 

« ' 

in three volumes of water. 

3. Nitric acid has the usual action of acids on indicators. 
Litmus, for example, is turned red. 

4. Nitric acid acts on metals, metallic oxides, Irvdroxides, 
and carbonates. Nitrates are formed. The action on metals 
is complicated and will be discussed in some detail later. A 
few typical equations for the actions on oxides, hydroxides, 
and carbonates are shown. 


Cu0+2HN0 3 =Cu(N 0 3 ) 2 +H.0 
NaOH-j- HNO 3 =NaNO 3 + H „0 

NH 4 0H+HN0 3 =NH 4 N0 3 +H 2 0 

CaC0 s +2HN0 3 =Ca(N0 3 ) 2 +C0 2 +H 2 0 

T>. Sulphur is acted upon by hot concentrated nitric acid 
with the formation of sulphuric acid. 

S-f-2HN0 3 =H 2 S0 4 +2N0 
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6 Many organic materials are acted upon. A little heated 
sawdust may be made to burst into flame by means of a 
tew drops of concentrated nitric acid. 

Skin and clothing are readily acted upon by both dilute 
and concentrated acid and care should therefore be exercised 
when handling bottles. The skin is turned a vivid yellow 
colour which must wear off in order to get rid of it. 

The action of nitric acid on organic substances is of great 

importance, but it is much too complicated to be dealt with 

here in detail. It will be met with by those who study organic 
chemistry in the Vlth form. 

The Action of Nitric Acid on Metals. 

The action of nitric acid on metals is complicated. Usually 

a mixture of gases is given off, but often one gas is present 

to a much larger extent than the others. The gases which 
are given off depend upon 

(a) the metal, 

(b) the strength of the acid, 

(c) the temperature. 

Usually the nitrate of the metal is left. 

Ihe composition of the gas evolved may change dur ing 
the course of the experiment. When a particular gas is 
referred to in the following reactions it must be understood, 
therefore, that it is only the main action which is being dis¬ 
cussed and that other actions are probably also occurring. 

Dilute nitric acid. 

Dilute nitric acid acts upon most metals. The gases given 

off may be hydrogen, nitric oxide, NO, nitrous oxide, N 2 0, 
and even nitrogen. 

The only instance of hydrogen being evolved occurs in the 

action of very dilute nitric acid on magnesium, and even 
here the gas is very impure. 

Mg+2HN0 3 =H 2 +Mg(N0 3 ) 2 
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Hot dilute nitric acid acts on copper to give off nitric oxide. 
The equation is difficult to work out and provides a very 
good exercise if you do not know the answer. 

3Cu+8HN0 3 =2N0+3Cu(N0 3 ) 2 +4H 2 0 

Zinc with moderately dilute nitric acid yields nitrous oxide. 

4Zn+10HNO 3 =N 2 O+4Zn(NO 3 ) 2 +5H 2 O 

If the acid is rather more concentrated ammonium nitrate 
is produced. It may be imagined that ammonia gas is given 
off, but that this immediately acts with more nitric acid to 
give ammonium nitrate. 

4Zn+10HNO 3 =NH 4 NO 3 +4Zn(NO 3 ) 2 +3H 2 O 

Concentrated nitric acid. 

Concentrated nitric acid acts upon most common metals. 
The gas given off consists mainly of nitrogen peroxide, N0 2 . 

Cold concentrated nitric acid acts on copper. The action 
is vigorous and the gas obtained is nearly pure nitrogen 
peroxide. 

Cu+4HN0 3 =2N0 2 +Cu(N0 3 ) 2 +2H 2 0 

Tin is acted upon to give a substance known as meta- 
stannic acid which appears as a white precipitate. No nitrate 
is formed. The exact composition of the precipitate is 
unknown, but when it is filtered and heated alone stannic 
oxide, Sn0 2 , and water are obtained. 

Lead is only acted upon very slowly by concentrated nitric 
acid, even with heat. The slight action results in the forma¬ 
tion of nitrogen peroxide and lead nitrate. 

When a piece of bright iron is dipped into concentrated 
nitric acid there is no apparent action. The iron has, however, 
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been affected in some way because it is no longer attacked 
by dilute sulphuric acid. It is said to have been rendered 


surface 


film 


surface 


that this protects it from further action. ... _ 0I 

the passive iron is scratched the metal is acted upon by 
dilute sulphuric acid along the scratch lines. 

Manufacture of Nitric Acid. 

1. At one time all the nitric acid of commerce was made 

by a method similar to that used in the laboratory. A mixture 

o sodium nitrate and concentrated sulphuric acid was distilled 

Irom cast iron retorts. Some nitric acid is still made in this 
way, but the method is dying out. 

2. Most of the nitric acid of commerce is now manufactured 

from a gas called ammonia, NH S . A mixture of ammonia 

and air is passed over heated platinum. The platinum acts 

as a catalyst and nitric oxide is formed. With excess of air 

tins gas is turned into nitrogen peroxide. On dissolving in 
water, nitric acid is produced. 

3. A small amount of nitric acid is made in countries where 

electric power is cheap by causing the nitrogen and oxygen 

of the air to combine by means of an electric arc. The 

principle of the electric arc is dealt with in Physics. In order 

to obtain nitric acid the nitrogen peroxide which is formed 
is dissolved in water. 


Uses of Nitric Acid. 

The chief uses of nitric acid are in the manufacture of 
certain dyes, the preparation of explosives, and the manu¬ 
facture of certain fertilisers. There are numerous less 
important uses. 

The Composition of Nitrates. 

Nitrates contain the nitrate radical, N0 3 , combined with a 
metal, or a group of atoms, such as the ammonium radical, in 
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place of the metal. Nitric acid contains the nitrate radical com¬ 
bined with hydrogen and is sometimes called hydrogen nitrate. 
The nitrate radical is monovalent. 

FOBMTCXA COMMON NAME 

NaN0 3 Chile saltpetre 

KN0 3 Nitre, or saltpetre 

Two well known common nitrates are sodium nitrate, 
NaN0 3 , and potassium nitrate, KN0 3 . 

Sodium nitrate is sometimes called Chile saltpetre. Large 
deposits of this substance are found in the north of Chile, 
which is a strip of country on the west of the continent of 
South America. The nitrate occurs in a practically rainless 
district called the Atacama Desert. 

Potassium nitrate is also known by the names nitre and 
saltpetre. The modern method of manufacture is to add 
sodium nitrate to a hot strong solution of potassium chloride. 
The potassium nitrate is obtained by fractional crystallisation. 

The Solubility of Nitrates in Water. 

All common nitrates are soluble in water. 

Uses of Nitrates. 

Large quantities of sodium nitrate are used as a fertiliser. 
It is also used in the preparation of nitric acid and potassium 
nitrate. Potassium nitrate is used mainly for making gun¬ 
powder. Ammonium nitrate is used as a fertiliser and as a 
constituent of certain explosives. 

Preparation of Nitrates. 

Nitrates may be prepared by the action of nitric acid on 

1. metals. 

2. oxides of metals. 

3. hydroxides. 

4 . 

4. carbonates. 


Common Nitrates. 

Sodium nitrate 
Potassium nitrate 
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The Action oe Heat on Niteates. 

All nitrates are decomposed when heated. Generally, the 

mtrate first melts on gentle heating and then decomposes on 

more strongly heating. With lead nitrate the particles tend 

to split np with mild explosions and with ammonium nitrate 

severe explosions may occur. The effect of heat on nitrates 
is summed up in the table. 


Table to Show the Action of Heat on Niteates 


nitrates which give nitrates which 

OFF OXYGEN AND LEAVE YIELD NITROUS 
THE NITRITE OXIDE AND WATER 


Potassium nitrate, Ammonium 

KNO a nitrate, NH 4 N0 3 
Sodium nitrate, 

NaNOo 


NITRATES WHICH GIVE 
OFF NITROGEN PER- 
OXIDE AND OXYGEN 
AND LEAVE THE OXIDE 
OF THE MET AT, 

All other common 
nitrates, except the 
nitrates of silver 
and mercury, 
e.g. Lead nitrate, 

Pb(N0 3 ) 2 

Copper nitrate, 

Cu(N0 3 ) 2 

Calcium nitrate, 

Ca(N0 3 ) 2 


Ihe action of heat on potassium and sodium nitrates has 

already been met with when methods ot producing oxygen 

were discussed. Both the nitrates melt on gentle heating and 

then, on strongly heating, oxygen is given off and the nitrite 
is left. 


2KN0 3 =2KN0 2 -j-0 2 

2NaN0 3 =2NaN0 2 -f0 2 


The action of heat on ammonium nitrate is discussed when 
the preparation of nitrous oxide is described. 

The action of heat on lead nitrate is discussed when the 
preparation of nitrogen peroxide is described. 

Nitric acid is the nitrate of hydrogen. When heated 
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strongly it behaves in the same manner as any other nitrate 
belonging to the third class. It splits up into nitrogen per¬ 
oxide, oxygen, and water. The oxide in this case is water, 
which is an oxide of hydrogen. 


4HN0 3 =4N0 2 + 0 2 + 2H 2 0 

The action of heat on nitric acid is usually demonstrated by 
means of apparatus similar to that shown in the diagram. A 



clay pipe with a very long stem is taken. This type of clay 
pipe is known as a Churchwarden. A portion of the stem is 
made red hot by means of a bunsen burner. If nitric acid 
is dropped into the bowl of the pipe, brown fumes of nitrogen 
peroxide issue from the stem. In order to show that oxygen 
is also produced the stem is placed just beneath the surface 
of some water in a pneumatic trough. Bubbles of a colour¬ 
less gas rise into the test tube which has been filled with 
water and inverted over the end of the stem of the pipe. A 
glowing pine splint is relighted when plunged into the gas. 
The gas is oxygen. The brown fumes of nitrogen peroxide 
which were also produced act on the water in a manner which 
will be discussed when the properties of nitrogen peroxide 
are dealt with. It is not easy to show that water is also 
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formed when nitric acid is decomposed by heat. If it is found 

that no oxygen is collected in the experiment it is probably 

ecause the stem of the pipe is dipping too far beneath the 

surface of the water in the trough. The pressure is then too 

great for the oxygen to rise through the water and bubbles 
will probably come out of the bowl instead. 

The nitrates of mercury and silver when decomposed by 

heat yield nitrogen peroxide, oxygen, and the metals It 

may be imagined that the oxide of the metal is first formed 

and that this is then split up by further heating. It has 

already been mentioned in Part I that when the oxides of 

silver and mercury are heated all the oxygen is given off and 

the metals are left. Actually, the action is not quite so simple 

as this. The complete equation for the action of heat on 
silver nitrate is as follows. 

2AgN0 3 =2N0 2 +0 2 +2Ag 

Ihe table shov ing the action of heat on nitrates should be 

compared with the table showing the order of the chemical 

activity of the metals given on page 147. It wifi be seen that 

the nitrates of potassium and sodium may be considered as 

most stable and the nitrates of mercury and silver as least 
stable. 

Tests for Nitrates. 

Solid. 

'Ihe solid nitrate is mixed with some copper clippings and 
a little concentrated sulphuric acid is added. Brown fumes 
of nitrogen peroxide are evolved on heating. The concern 
trated sulphuric acid acts on the nitrate to form nitric acid. 
The nitric acid so formed acts on the copper clippings to give 
nitrogen peroxide. Suppose that zinc nitrate is the substance 
which is being tested. The equations would be 

Zn(N0 3 ) 2 +H 2 S0 4 =ZnS0 4 +2HN0 3 

4HN0 3 +Cu=2N0 2 +Cu(N0 3 ) 2 +2H 2 0 



NITRIC ACIDS, NITRATES, ETC. 



Solution 

1. A f 


made 


If heat is 


employed the liquid is carefully cooled under the tap. 

2. A little ferrous sulphate solution is added and mixed 

with the solution of the nitrate. 

3. Concentrated sulphuric acid is poured carefully down 
the inside of the test tube. If care is taken the sulphuric acid 


Nitrate 

ferrous 

so tut I on 




Nitrate + 
ferrous suiphate 
so/ution 



± rotrn r/nj 


Con Tu'ohuric c cs'ci 


Fig. 72. 


does not mix much with the solution, but sinks to the bottom 
of the test tube and forms a distinct layer. 

to* 

At the junction of the liquids a brown or black ring appears. 
Tins is known as the brown ring test for nitrates. 


The formula for the substance composing the brown ring 
is IVS< > 4 XI). It is usually considered to be a loose combina¬ 
tion of ferrous sulphate and nitric oxide. The brown ring is 
easily destroyed by heat. The substance is split up into 
nitric oxide and ferrous sulphate. 

The explanation of the formation of the brown ring is as 
follows. Suppose that the substance which is being tested 
is sodium nitrate. The concentrated sulphuric acid acts on 
the nitrate at the junction of the liquids and nitric acid is 
formed. 

Na NO 3 + H 2 SO 4 =HNO 3 +NaHSO 4 

The nitric acid so formed is then acted upon by the ferrous 

M 
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sulphate to give the gas nitric oxide, NO. The equation for 
this action is not easy, but some students might like to 


2HN0 3 +6FeS0 4 +3H 2 S0 4 =2N0+3Fe 2 (S0 4 ) 3 +4H 2 0 

The nitric oxide then acts on more ferrous sulphate to form 
the brown compound FeS0 4 .N0, provided the test tube is 

Kept cool. 


Ihe Preparation op Nitrous Oxide in the Laboratory. 

1. Nitrous oxide is usually prepared in the laboratory by 
cautiously beating ammonium nitrate. 


NH 4 N0 3 =N 2 0+2H 2 0 



Fig. 73. 


The crystals melt and then decompose. The beating should 
not be continued until all the material disappears, otherwise 
a serious explosion may occur. Some people prefer to beat 
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a mixture of ammonium sulphate and sodium nitrate which 
is said to be less likely to explode. 

2. Nitrous oxide is too soluble to be collected over cold 
water without serious loss occurring. It may, however, be 
collected over warm water. The steam evolved in the prepara¬ 
tion mostly condenses in its passage through the water. The 
gas may also be collected, if desired, over mercury. It could 
be collected by the upward displacement of air, but in this 
case it should be dried first. The difficulty is then to deter¬ 
mine when the jar is full. 

3. The gas may be dried by bubbling it through concen¬ 
trated sulphuric acid. 


Properties of Nitrous Oxide. 


1. Nitrous oxide is a colourless gas. 

2. It has a slightly sweet smell. If breathed for some time 
it causes unconsciousness and on this account it is sometimes 
used when surgical operations are performed. When used in 
this way it is called an anaesthetic. The gas is mixed with 
oxygen and given to the patient. Its use by dentists when 
teeth are extracted is well known. Continued breathing of 
the gas causes death. Sometimes people recovering from the 
effects of nitrous oxide indulge in shouts of laughter and 
become generally hysterical. The gas is therefore frequently 
known as laughing gas. 

3. It is heavier than air. Actually, it has just about the 

same densitv as carbon dioxide. 

* 

4. It is fairly soluble in water, but not quite so soluble as 
carbon dioxide. It may be collected over hot water without 
too much loss. 

5. It has no action on litmus. 

6. Nitrous oxide does not burn. 


7. Nitrous oxide in some respects supports combustion 
better than air. This is because it is easily split up by heating 
into nitrogen and oxygen. The percentage of oxygen in the 
mixture is then greater than the percentage of oxvgen in the 



172 CHEMISTRY FOR SCHOOLS—PART II 

air. The burning substance combines with the oxygen and 
the nitrogen is left. 

(a) A glowing pine splint bursts into flame when plunged 
into the gas, unless the splint is glowing only very feebly 

(b) A taper, previously lighted in air, burns brilliantly in 

nitrous oxide. J 

(e) Brightly burning phosphorus burns with a brilliant 

name. 


(d) Brightly burning sulphur continues to burn in the gas 
r eebly burning sulphur usually goes out. 

From these experiments it can be seen that nitrous oxide 

resembles oxygen in a number of its properties. Sometimes 

m examinations one is asked how a jar of nitrous oxide may 

oe distinguished from a jar of oxygen. The nitrous oxide 

may be distinguished by its smell, its greater solubility in 

water, and also by the fact that, unlike oxygen, it does not 

form browm fumes of nitrogen peroxide when mixed with 

nitric oxide. This action is discussed when the properties of 
nitric oxide are dealt with. 


Ihe Preparation of Nitric Oxide in the Laboratory. 

1. Nitric oxide is usually prepared in the laboratory by 
the action of dilute nitric acid on copper. The equation 
for the action is the well known equation already given. 

3Cu+8HN0 3 =2N0+3Cu(N0 3 ) 2 +4H 2 0 

2. Heat may be necessary to start the action if the nitric 
acid is very dilute. With a mixture of equal volumes of 

nitric acid and water the action proceeds without the appli¬ 
cation of heat. 

3. The gas is collected over water. 

Ac first the flask becomes filled with brown fumes. This 
is because the nitric oxide which is formed combines with 
the oxygen of the air in the flask to form nitrogen peroxide. 
As the action proceeds the fumes are swept out of the flask 
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into the water in the pneumatic trough. Here they are 
removed on account of an action with the water which will 
be discussed when nitrogen peroxide is dealt with. 



Properties of Nitric Oxide. 

1. Nitric oxide is a colourless gas. 

2. It is impossible to smell nitric oxide as the gas is 
chanced into nitrogen peroxide when it comes into contact 
with the air. When the cover of a gas jar containing nitric 
oxide is removed it is a pretty sight to observe the formation 
of the brown fumes which spread down the jar and out into 
the atmosphere. It is advisable not to breathe too much 
of the fumes. The action may be represented by the equation 

2N0+0-=2N0 2 


3. Nitric oxide is slightly heavier than air. 

4. It is only very slightly soluble in water. 

5. It has no action on litmus. 

6. Nitric oxide does not burn, but combines with oxj’gen 
to form brown fumes of nitrogen peroxide in the manner just 
described. Tins property may be used as a test to distinguish 
between oxvtien and nitrous oxide, since oxvgen is the onlv 

* * ^ W t 

cas with which nitric oxide will act in this manner. It is 
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possible that nitrous oxide might otherwise be confused „HtJ, 
ing fphnT aCC0Unt ° f the faCt that botb a glow. 


P»; * w -p., i. “” b Sr 

Sx ar;^ s*>«; *»» 

uum Brilliantly. This is because the beat of the burning 

phosphorus is sufficient to split up the nitric oxide into 

rogen and oxygen. The phosphorus then combines with 
the oxygen to form phosphorus pentoxide 

leiLTtlw "u ° Xid u \ paSSed int0 a cold Motion of 

Xu !u ‘ S r^ 0r . be l a ? d a dark bro TO compound 


. * ~ Utu emu. ct uai 

is iormed with the formula FeSO, NO 

r\Anw ri ,w,l.* 1 * t _ _ ’ * 

brown ring test for 


This is the co] 


rpi : .-uruwn rmg test tor nitrates 

he compound is very easily split up on heating. Nitric 

ox,de and ferrous sulphate are obtained once more This L 

The fact that ntt^ “ m f hod , for obtain ™g pure nitric oxide, 
'nlnttn h -j tn ° ° X1 1 e 18 absorbed % cold ferrous sulphate 

gases e Tud a ^ Se P aratin g tbe g™ from other 

gases, e.g. nitrous oxide. 


The Preparation of Nitric Oxide in Industry. 

Nitric oxide is prepared in industry as a stage in the 
preparation of nitric acid. 

1. The method most generally used is to pass a mixture 

of ammonia, NH 3 , and oxygen over heated platinum. The 
platinum acts as a catalyst. 


4NH 3 4-50 2 =4N0+6H 



2. Some nitric oxide is formed when a mixture of nitrogen 
and oxygen is heated very strongly. In order to obtain a 
reasonable quantity of nitric oxide the electric arc is employed 
as a means of producing a very high temperature. 

N 2 -f-0 2 =2N0 
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The Preparation of Nitrogen Peroxide in the 
Laboratory. 


1. Nitrogen peroxide is usually prepared in the laboratory 

by the action of heat on lead nitrate. 

Lead nitrate contains no water of crystallisation. It 
should, however, be powdered and dried before use because 

water interferes with the reaction. 


2. Both nitrogen peroxide and oxygen are given off. These 
are separated by making use of the fact that nitrogen per¬ 
oxide is easily liquefied by cooling it, whereas oxygen is only 
liquefied with very great difficulty. The mixture of gases is 
passed through a freezing mixture consisting of ice and salt. 
The nitrogen peroxide condenses to a yellow coloured liquid, 



'"Z/y ij/d r/ttrcacn 

7 



c~c*'de 


& 


/v'/ -i y e ? p *v 



Fig. 75. 

while the oxygen passes on. The oxygen may be collected, 
if desired, and the apparatus in the diagram shows this being 
done, although, of course, it is not at all necessary in the 
preparation. 


2Pb(N0 3 ) 2 =4N0,+ 0 2 +2Pb0 
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liauirl 2 P16CeS ° f a ?P aratus are sjb °™ for collect mg the 
iquid nitrogen peroxide. The U tube is the one usually 

em P 0 ‘ ye ’ kut the flask with a side arm is in some ways 
more satisfactory as a greater quantity of nitrogen peroxide 
can be collected without fear of blocking. P 

4 The lead nitrate spits and crackles on gently heating 
This is called decrepitation. Large pieces break up into 
smaller pieces. It then melts and the mixture of gases 1 

given off. Litharge (lead monoxide) is left in the hard glass 
attacked ^ * USUa ' ly Spoilt ° n account of the § lass being 


Properties of Nitrogen Peroxide. 

1. Nitrogen peroxide is usually seen as a reddish brown 
ga,s. It is, however, easily liquefied and should normally be 
a liquid at the temperature of the laboratory. 

2. It has a strong characteristic smell, but should not be 
breathed too much as it has a dangerous action on the lungs. 

3. Nitrogen peroxide is apparently very soluble in water. 

Actually, it acts on the water to give a mixture of nitric and 
nitrous acids. 

2N0 2 +H 2 0=HN0 3 4-HN0 2 

The nitrous acid formed is. readily split up by heat. 

4. It is obvious from the previous property that nitrogen 
peroxide turns litmus red. 

5. It does not burn. 

6. Some things burn in nitrogen peroxide. Strongly burn¬ 
ing phosphorus and carbon continue to burn in it. It may 
even relight a glowing splint. 

Formula of Nitrogen Peroxide. 

The formula of nitrogen peroxide is usually given as N0 2 . 
Actually, at ordinary temperatures the gas probably consists 
of a mixture of some molecules with the formula N0 2 and 
some with the formula N 2 0 4 . At low temperatures the 



177 


NITRIC ACIDS, NITRATES, ETC. 

majority of the molecules present have the formula N 2 0 4 
and at higher temperatures the majority have the formula 
NO 2 . The molecules of N 2 0 4 are practically colourless, 
whereas those of NO a are very dark brown. 


Other Methods of Preparing Nitrogen Peroxide. 

1. Nitrogen peroxide is often produced when substances 
are acted upon by concentrated nitric acid. 

(a) The gas is sometimes prepared by the action of cold 
concentrated nitric acid on copper. 

Cu+4HN0 3 =2N0 2 +Cu(N0 3 ) 2 +2H 2 0 

(1>) Large quantities are evolved when sugar is heated with 

concentrated nitric acid. 

2. It has already been mentioned that nitrogen peroxide 
is formed when nitric oxide is mixed with oxygen 

2N0+0 2 =2N0 2 


Summary of the Oxides of Nitrogen 


NAME FORM CIA 

Nitrous oxide NoO 


Nitric oxide 


NO 


Nitrogen per- N0 2 or 
oxide Nob 4 


PREPARATION 


COLLECTION 


Action of heat on Over hot water 
ammonium nitrate 

Action of dilute Over cold water 
nitric acid on 
copper 

Action of heat on Liquefying by 
lead nitrate freezing mix¬ 

ture 


QUESTIONS. 

1. Name the substances used in the preparation of nitric acid in 

the laboratory* 

* 

2. tV hat substance causes nitric acid usually to be coloured yellow? 

Name four classes of substances which yield nitrates when acted 
upon by nitric arid. 

4. Which metal yields hydrogen with dilute nitric acid? 
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strongly ame ^ 8ubstances obta ^d when nitric acid is heatec 

6. State the chief uses of nitric acid. 

I' Which nitrate is found naturally in large quantities? 

o n S 6 co f mnon name for potassium nitrate. 

10 AW-? 6 /;! 1 ® S r r the S0lubi ! it y of nitrates in water. 

10. Mention the chief uses of nitrates. 

19 * th -! n ? trate * which yield nitrites on heating. 

12. Which nitrate yields nitrous oxide on heating? 

heated^ ^ ^ Substances which are obtained when lead nitrate is 

strongly. ame ^ substances obtained when silver nitrate is heated 

I 5 . What substances are mixed with a nitrate in the solid test for 
nitrates? What gas is given off’ 

the“n test *° S ° luti ° n ° f a «■ 

tesVf Jnteatest 8 ^ added 40 ‘ he S ° lution “ the “*>«<>« 

18. Give the formula for the “brown ring.” 
nitrates?^ 18 ^ t6St tube kept cooi the brown ring test for 

peroxide^ 6 the f0rmuIae for ^trous oxide, nitric oxide, and nitrogen 

21. State very shortly the preparation of nitrous oxide. 

22. How is nitrous oxide collected? 

23. What name is given to a substance which renders people uncon¬ 
scious in order that a surgical operation may be performed? 

24. Give the common name for nitrous oxide. 

25. State very shortly the preparation of nitric oxide. 

26. How is nitric oxide collected? 

27. What is formed when nitric oxide is mixed with air? 

28. Name a substance which bums in nitric oxide. 

29. Name a solution which absorbs nitric oxide. 

. ^0. State very shortly the usual preparation of nitrogen peroxide 
in the laboratory. 

31. What name is given to the action which occurs when a solid 
substance spits and crackles on heating? 

32. What is the action of nitrogen peroxide on litmus? 

33. Name a substance which bums in nitrogen peroxide. 

34. Give the formula for nitrogen peroxide at low temperatures. 

35. Name a metal which is rendered passive by nitric acid. 


EQUATIONS. 

Write down equations for the following chemical actions :— 

36. The action of concentrated sulphuric acid on the nitrates of 
potassium, sodium, silver, calcium, copper, barium, magnesium, and 
zinc. 

37. The action of dilute nitric acid on the oxides of copper, lead 
(litharge), zinc, magnesium, and calcium. 
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38. The action of nitric acid, on the hydroxides of potassium, 
sodium, ammonium, copper, lead, zinc, magnesium, calcium. 

39. The action of nitric acid on the carbonates of potassium, 
sodium, calcium, zin c, and copper. 

40. The action of dilute nitric acid on magnesium, zinc, and copper. 

41. The action of concentrated nitric acid on sulphur, and copper. 

42. The action of heat on the nitrates of potassium, sodium, 
ammonium, silver, lead, hydrogen, copper, calcium, barium, and zinc. 

43. The action of oxygen on nitric oxide. 

44. The action of water on nitrogen peroxide. 


CHAPTER XIV 

TT v/ 

Hydroxides and Ammonia 

The Composition of Hydroxides. 

Hydroxides usually contain three elements—a metal, 
hydrogen, and oxygen. A group of atoms, such as the 
ammonium radical may occur in place of the metal. 

Important Hydroxides. 

Three very important hydroxides are shown in the follow¬ 
ing table. 

CHEMICAL NAME 

Calcium hydroxide 
Sodium hydroxide 
Potassium hydroxide 

V' 

There are other hydroxides which are also useful, but the 
three mentioned are easily the most important. 

The Solubility of Hydroxides in Water. 

The only common hydroxides which are very soluble in 
water are sodium, potassium, and ammonium hydroxides. 

Calcium hydroxide is said to be sparingly soluble in water. 
1°° ? rams of water dissolve about 1-5 grams of calcium 


COMMON NAME 

Slaked lime 
Caustic soda 
Caustic potash 


FORMULA 

Ca(OH), 

NaOH 

KOH 
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hydroxide at room temperature. Barium hydroxide is rather 

more soluble than calcium hydroxide and is used for certain 
special chemical purposes. 


Calcium Hydroxide. 


1. Calcium hydroxide is made by adding water to calciu 
oxide (quicklime). 

Ca0-J-H 2 0=Ca(0H) 2 

When quicklime is prepared in the laboratory the experi- 
ment is best performed with a large piece of quicklime pre¬ 
pared by heating a slab of white marble in a furnace. 

If a little water is dropped from a glass tube on to a piece 
of quicklime a chemical action takes place and considerable 
heat is given out. Some of the water combines with the 
quicklime and the rest is turned into steam by the heat. As 
the water is added the quicklime swells and cracks and finally 
crumbles to a fine white powder. Clouds of steam are pro¬ 
duced, but the powder does not become wet unless too much 
water is added. For complete success with the experiment 
the specimen of quicklime employed must be made froi_ 
marble which has been heated very strongly and must be 
freshly prepared, otherwise it will probably already have 
taken in moisture from the atmosphere. With a really 
good specimen of quicklime the experiment is a striking one. 
The calcium hydroxide formed is called slaked lime. 

2. Calcium hydroxide dissolves slightly in water. The 
solution is known as lime water and is used in the test for 
carbon dioxide. It will be remembered that carbon dioxide 
turns lime water milky, or scientifically expressed, gives a 
white precipitate with lime water. The precipitate consists 
of calcium carbonate. If further carbon dioxide is passed the 
precipitate of calcium carbonate disappears. This is because 

calcium bicarbonate, Ca(HC0 3 ) 2 , has been formed and this 

substance is soluble in water. The two equations show the 
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formation of calcium carbonate from lime water and the 
further action of the carbon dioxide. 


Ca(0H) 2 -f-C0 2 =CaC0 3 +Ho0 

CaC0 3 +C0 2 +H 2 0=Ca(HC0 3 ) 2 

When slaked lime is stirred with a small quantity of water 
it forms a cream called milk of lime. 

3. Slaked lime is a very important material and is em¬ 
ployed in the building trade as mortar when mixed with 
sand. For this purpose large quantities of quicklime are 
manufactured and sold as “builders’ lime.” The lime is 
slaked by the workmen when they are preparing the mortar 
with the sand. This is a familiar sight when houses are 
h ing built. 

Sodium Hydroxide. 

1. Sodium hydroxide is an important chemical in industry. 
Two methods of manufacture are in use. 

A solution of sodium hydroxide is formed when slaked 
lime (calcium hydroxide) is added to a boiling solution of 
sodium carbonate. 

Ca(OH) 2 -f- Na 2 C0 3 ==CaC0 3 -J- 2NaOH 


Excess of slaked lime is added and the calcium carbonate. 

4 

which is only very slightly soluble, is filtered off, together 
with the excess of slaked lime. The sodium hvdroxide, which 

i. ' 

is left in solution, is evaporated to dryness. It is then melted, 
and for laboratory purposes is cast into sticks. 

is also made bv the electrolvsis of a 

I 

saturated solution of sodium chloride. A special cell must 
lie employed in order to separate the caustic soda from the 
chlorine which is also produced. Two types of cell a,re in 
use and the manufacture will be described later. 

- Solutions of sodium hydroxide absorb carbon dioxide. 
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Sodium carbonate is first formed, but if tbe stream of carbon 
dioxide is continued, sodium bicarbonate, NaHC0 3 , is formed. 

2Na0H-f-C0 2 =Na 2 C0 3 -j-H 2 0 
Na 2 C0 3 +C0 2 +H 2 0=2NaHC0 3 

3. Large quantities of caustic soda are used in tbe manu¬ 
facture of soap. 

Potassium Hydroxide. 

Potassium hydroxide is a substance which is very similar 
to sodium hydroxide. It is made by similar methods and has 
similar properties. It is used in the manufacture of soft soap. 

The Preparation of “Insoluble” Hydroxides. 

1. The hydroxides of most common metals are only 
slightly soluble in water. They are prepared by adding 
solutions of sodium, potassium, or ammonium hydroxides to 
solutions of soluble salts of the metals. Substances such as 
sulphates, nitrates, chlorides, and carbonates are called salts. 
The insoluble hydroxides are formed as precipitates. 

As an example of the method the preparation of ferric 
hydroxide will be described. A solution of sodium hydroxide 
is added to a solution of ferric chloride. A reddish brown 
precipitate of ferric hydroxide is formed. 

FeCl 3 +3NaOH=Fe(OH) 3 +3NaCl 

If the ferric hydroxide is required as a specimen it is washed 
with distilled water and dried on a porous plate. It may not 
be heated in order to dry it as it will decompose. Although 
the preparation of a hydroxide of a metal is often of im¬ 
portance, yet it is rarely required to dry it. 

2. When a solution of sodium hydroxide is added to solu¬ 
tions of salts of certain metals it is noticed that the precipi¬ 
tate of the hydroxide which is formed at first dissolves when 
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further sodium hydroxide is added. Those hydroxides which 
dissolve in sodium hydroxide also dissolve in potassium 
hydroxide, but it does not follow that hydroxides which 
dissolve in sodium or potassium hydroxide will also dissolve 
in ammonium hydroxide, or vice versa. For example, when 
ammonium hydroxide is cautiously added to a solution of 
copper sulphate a light blue precipitate is formed which 
disappears to form a deep blue solution when excess of 
ammonium hydroxide is added. When a solution of sodium 
hydroxide is added to a solution of copper sulphate a light 
blue precipitate is formed which does not disappear when 
excess of sodium hydroxide is added. It can be seen there¬ 
fore, that in certain cases care must be exercised not to add too 
much if it is desired to prepare a specimen, of the hydroxide. 


Some Common Insoluble Hydroxides 


HYDROXIDE 

formula 

COLOUR 

REMARKS 

Lead hydroxide Pb(OH) 2 

White 

Dissolves in sodium 

Aluminium 

Al(OH), 

White 

hydroxide 
Dissolves in sodium 

hydroxide 

Copper 

Cu(OH) 2 

Blue 

hydroxide 

C/ 

Dissolves in ammon¬ 

hydroxide 
Zinc hydroxide 

4.' 

Zn(OH) 2 

White 

ium hydroxide 
Dissolves in sodium 

Ferrous 

Fe(OH), 

Usually 

A/ 

and ammonium 
hydroxides 

Turns brown on expo 
sure to air 

hydroxide 

Ferric 

hydroxide 

Fe(OH) 3 

green 

Reddish 

brown 


Properties of Hydroxides. 

1. The solubility of hydroxides in water has already been 
discussed. For elementary chemistry it must be remembered 
that sodium, potassium, and ammonium hydroxides are 
soluble. Calcium hydroxide is sparingly soluble. 
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2. Solutions of sodium, potassium, 
calcium hydroxides turn litmus blue 

O TTT-I . * 


ammoniu 


and 


When 


This 


^ tal , and wa * er are obtained. ^ uutJ8 n0L take 
place with sodium and potassium hydroxides. The equation 
for the action of heat on copper hydroxide is given. 


Cu(0H) 2 =Cu0+H 9 0 


11ns is a useful method for preparing oxides of metals. 

4 Hydroxides are acted upon by acids to form salts and 

wa er. Ins is a useful method for preparing salts. Thus 

sulphuric acid acts upon zinc hydroxide to give zinc sulphate 
and water. 1 


Zn(0H) 2 +H 2 S0 4 =ZnS0 4 +2H 2 0 

1 * li • upon sodium hydroxide to form 

sodium chloride and water. 


NaOH-f HC1 =NaCl-f-H 



. Sodmn1 ’ P ot assium, and ammonium hydroxides are soluble 
in water and the process of forming salts with acids can be 
o owed by using indicators. The preparation of sodium 
sulphate from sodium hydroxide and sulphuric acid may be 
taken as an example. Sodium hydroxide turns litmus blue, 
whereas sulphuric acid turns litmus red. It can be seen when 
enough sulphuric acid has been added by dipping in a piece 
of litmus paper. The sulphuric acid is added until the litmus 
paper is just turned to red. Instead of litmus paper a few 
drops of a solution of litmus could be used with the sodium 
hydroxide solution, thus avoiding continually dipping in the 
litmus paper. This is a very important process in chemistry 
known as neutralisation. The process can readily be carried 
out by means of a piece of apparatus known as a burette and 
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is described in the next chapter. In order to prepare crystals 
of sodium sulphate the solution is evaporated until it is 
sufficiently concentrated for crystals to be formed on cooling. 
If litmus solution has been employed the colour may be 
removed by boiling the solution of sodium sulphate with a 
little animal charcoal. Animal charcoal is made by heating 
bones out of contact with air. It is often used for absorbing 
colouring matter from solutions. The animal charcoal, which 
now contains the litmus, is filtered off and the filtrate of 
sodium sulphate is then crystallised in the usual way. 

5. The hydroxides of sodium, potassium, ammonium, and 
calcium absorb carbon dioxide. Carbonates, or bicarbonates, 
are formed according to the quantity of carbon dioxide used. 


Ammonia, NH 3 


The Action of Slaked Lime on Ammonium Salts. 


mixed 


known 


If some am 

lime and genl „ _ . 

ammonia, is given off and is immediately noticed by its 
smell. The action may also be made to take place by rubbing 
a mixture of ammonium chloride and slaked lime in the 


palms of the hands, or by grinding with a pestle and mortar. 

All ammonium salts are acted upon by slaked lime to give 
off ammonia. 


The Preparation of Ammonia in the Laboratory. 

1. Ammonia is usually prepared in the laboratory by the 
action of heat on a mixture of ammonium chloride and slaked 
lime (calcium hydroxide). 

2NH 4 Cl+Ca(OH) 2 =2NH 3 +CaCl 2 +2HoO 

Sometimes ammonium sulphate is employed instead of 
ammonium chloride. 


(NH 4 ) 2 S0 4 +Ca(0H) 2 =2NH 3 +CaS0 4 +2H 2 0 
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2. The gas is collected by the downward displacement of 

air as shown in the diagram. Ammonia is far too soluble to 
be collected over water, so advantage is taken of the fact 
that it is much lighter than air. The delivery tube reaches 
nearly to the top of an inverted gas jar and the air is pushed 
downwards and out of the jar. It can be ascertained when 



Fig. 76. 


the jar is full by applying a piece of damp red litmus paper 
to the mouth. When the litmus is turned blue it can be taken 
that the jar is reasonably filled with ammonia. 

Sometimes the method of collecting a gas which is illus¬ 
trated in the diagram is referred to as “upward displace- 

tube points upward. Similarly, 


ment,” because the delivery 
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when the tube points downward in the collection of jars of 
gases which are heavier than air, the method is sometimes 
referred to as “downward displacement.” In order to avoid 
confusion the methods may be referred to as “upward 
delivery,” when the tube points upward, and “downward 
delivery,” when the tube points downward. In any case, a 
diagram will indicate which method is meant. 

3. The gas is dried, if desired, by passing it up through a 
tower containing lumps of quicklime (calcium oxide). Neither 
concentrated sulphuric acid nor calcium chloride can be 
employed to dry the gas. Ammonia acts very vigorously 
with concentrated sulphuric acid to form ammonium sul¬ 
phate and it combines with calcium chloride to form a 
compound with the formula CaCl 2 .8NH 3 . Examiners in 
elementary chemistry are fond of asking how ammonia is 
dried, so that it is as well to learn the method once and for all. 


I’koferties of Ammonia. 

1. Ammonia is a colourless gas. 

2. It ha.s a very strong characteristic choking smell and 
also attacks the eves. 

M. It is lighter than air. 

4. It is easily liquefied by pressure. 

f>. It is exceedingly soluble in water. It is the most soluble 
gas known. At room temperature one volume of water dis¬ 
solves about 800 volumes of the gas. The great solubility of 
ammonia in water may be readilv demonstrated by the 
fountain experiment. At the same time the action of the gas 
mi litmus can be shown. The fountain experiment was 
described when the properties of hydrogen chloride were 
discussed. 

It is thought that when ammonia dissolves in water a 

V- - 

small proportion of it acts upon the water to form ammonium 

hydroxide, XH 4 OH. 


NH 3 +H 2 0=NH 4 0II 
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A solution of ammonia in water is often called ammonium 
( ydroxide. The bottles on the bench are sometimes labelled 
ammonium hydroxide” and sometimes “ammonium 
hydrate.” The term “ammonium hydrate” is not to be 
recommended. It should be understood that the bottles 
contain mainly a solution of ammonia, together with a small 
proportion of ammonium hydroxide. 

6. Ammonia turns litmus blue. It is therefore said to have 
an alkaline reaction to litmus. Ammonia is the only common 
gas with an alkaline reaction. Ammonia also turns moist 
turmeric paper reddish brown. Turmeric is a yellow dye 
which is sometimes used to show an alkaline reaction. This 
property is not particularly important. 

7. Ammonia does not burn in air, but burns with a 
greenish yellow flame, if fed with oxygen. This fact is con¬ 
veniently demonstrated by means of the apparatus shown 



Fig. 77. 


in the diagram. A stream of oxygen from a cyUnder, 
gasholder, is passed through a wide tube, as shown. 


or a 
The 
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cotton wool is present in order to spread the oxygen. Some 
ammonia is produced by very gently heating a solution of 
ammonia in a large test tube. The ammonia is lighted at 
the mouth of the wide tube, where it bums with a greenish 
yellow flame. Nitrogen and water are formed. 

4NH 3 +30 2 =2N 2 +6H 2 0 

8. Ammonia does not support ordinary combustion. 

9. Ammonia forms dense white fumes when mixed with 
IpycLrogen chloride. The fumes consist of a solid called 

ammonium chloride, NH 4 C1. 

NH 3 +HC1=NH 4 C1 

Experiments to demonstrate this have been described when 
dealing with hydrogen chloride. 

10. Ammonia also combines directly with sulphuric acid 
and with nitric acid, forming ammonium sulphate and 
ammonium nitrate. 

2NH 3 -f-H 2 S0 4 =(NH 4 ) 2 S0 4 

NH 3 +HN0 3 =NH 4 N0 3 

Tests for Ammonia. 

Ammonia is usually detected by its smell, its action on 
litmus, and by the white fumes it forms with hydrogen 
chloride. 

Other Methods of Preparing Ammonia. 

All ammonium salts are acted upon by sodium, potassium, 
and calcium hydroxides to give ammonia. Heat is necessary. 
Some typical equations are given. 

NH 4 C1+ Na OH=NH 3 + NaCl+H „0 

(NH 4 ) 2 S0 4 +2K0H=2NH 3 +K 2 S0 4 -f 211,0 
(NH 4 ),S0 4 +Ca(0H) 2 =2NH 3 H-CaS0 4 +2Ho0 
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Manufacture of Ammonia. 

1. Ammonia is obtained when coal gas is manufactured. 
The process of making coal gas is fairly complicated, but it 
may be stated shortly as follows. Coal is heated in fireclay 
retorts and the gaseous products are led off through pipes 
and then cooled. A liquid is obtained which separates into 
two layers. The upper layer consists mainly of a solution of 
ammonia in water and the lower layer consists of coal tar. 
The coal gas passes on. The ammonia is usually mixed with 
sulphuric acid, and ammonium sulphate is obtained. It is 
sold for use as a fertiliser. Ammonia obtained in this way 
is said to be a by-product in the manufacture of coal gas. 

2. Ammonia is now prepared on a large scale by causing 

nitrogen and hydrogen to combine. The combination is 

brought about by means of great pressure and the use of a 
catalyst. 

Uses of Ammonia. 

f 

1. Ammonia when combined with sulphuric acid to form 
ammonium sulphate provides a valuable artificial manure. 

2. Large quantities of ammonia are now manufactured to 
be converted into nitric acid. 

3. Liquid ammonia is used for producing a low temperature 
in refrigerators. 


Ammonium Hydroxide. 

1. It has already been stated that when ammonia is dis¬ 
solved in water it is believed that a small quantity combines 
with the water to form ammonium hydroxide. In order to 
prepare a solution of ammonium hydroxide in the laboratory 
ammonia gas is dissolved in water with the usual precautions 
to prevent sucking back. The method with the inverted 
funnel may be used. 

2. Ammonium hydroxide combines with acids to form 
salts, e.g. 
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nh 4 oh+hci=nh 4 ci+h 2 o 

2NH 4 0H+H 2 S0 4 =(NH 4 ) 2 S0 4 +2H 2 0 

3. Ammonium hydroxide solution precipitates “insoluble” 

hydroxides when added to solutions of salts. In certain cases 

«.* 

the precipitated hydroxides dissolve when more ammonium 
hydroxide is added on account of the formation of new 
soluble substances. Thus, when ammonium hydroxide is 
added to copper sulphate solution a light blue precipitate of 
copper hydroxide is formed. 

CuS0 4 +2NH 4 0H=Cu(0H) 2 +(NH 4 ) 2 S0 4 

On addition of excess of the ammonium hydroxide the pre¬ 
cipitate dissolves to form a beautiful deep blue solution. 

The Solubility of Ammonium Salts in Water. 

All ammonium salts are readily soluble in water. 


The Action of Heat on Ammonium Salts. 


When ammonium salts are heated they easily turn into 
vapours and often decompose. 

1 . If some ammonium chloride is heated in a dry test tube 
it turns into a vapour without first becoming a liquid. The 
substance gradually disappears from the hot part of the test 
tube and re-appears as a white solid in the cool upper part 
ot the tube. When a solid changes into a vapour without 
first melting to a liquid it is said to sublime. The white 


powder obtained in the cool part of the test tube is called 
a sublimate. Actually, it can be shown that the ammonium 


chloride also de 


composes into hydrogen chloride and 


ammonia 


when it is heated, but that the gases re-combine on 
cooling. 

, I 




fixtures of substances may sometimes be separated by 
imat ion. For example, a mixture of sodium chloride and 
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ammonium chloride may be separated in this way. Sodium 
chloride does not sublime when heated. 

2. The action of heat on ammonium nitrate has already 
been mentioned. Nitrous oxide and water are formed. Two 
other common salts of ammonia are ammonium sulphate and 
ammonium carbonate. These also decompose when heated. 


QUESTIONS. 

1. Which common hydroxides are soluble in water? 

2. To what extent is calcium hydroxide soluble in water? 

3. Give the common names for calcium hydroxide, sodi um 
hydroxide, and potassium hydroxide. 

4. What is lime water? 

5. Give the formula for calcium bicarbonate. 

6. Give the colours of the hydroxides of lead, copper, ferrous iron, 
ferric iron, zinc, and aluminium. 

7. Mention three common hydroxides which dissolve in sodium 
hydroxide solution. 

8. Mention two co mm on hydroxides which dissolve in ammonium 
hydroxide solution. 

9. Which hydroxides are not decomposed by heat? 

10. What substances are obtained when the hydroxide of a metal 
is decomposed by heat? 

11. What substances are obtained when hydroxides are acted upon 
by acids? 

12. Give the rule for the action of calcium, sodium, and potassium 
hydroxides on ammonium salts. 

13. Name the substances used in the preparation of ammonia in 
the laboratory. 

14. Name the substance used to dry ammonia. 

15. How is ammonia collected? 

16. Describe the solubility of ammonia in water. 

17. What is the action of ammonia on litmus? 

18. Name the substance which gives white fumes with ammonia, •«M 

19. Give the rule for the solubility of amm onium salts in water. 

20. What name is given to the phenomenon observed when ammon¬ 
ium chloride is heated? 

21. What is formed when ammonium nitrate is heated? 

EQUATIONS. 

Write down equations for the following chemical actions :— 

22. The action of carbon dioxide on solutions of calcium, sodium, 
and potassium hydroxides. 
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23 The action, of sodium hydroxide solution on solutions of lead 
nitrate, zinc sulphate, copper sulphate, ferrous sulphate, ferric 

chloride, and aluminium sulphate. . 

24 . The action of potassium hydroxide solution on solutions ot lead 

nitrate, zinc sulphate, copper sulphate, ferrous sulphate, ferric 

chloride, and aluminium sulphate. _ 

25. The action of ammonium hydroxide solution on solutions ot 

lead nitrate, zinc sulphate, copper sulphate, ferrous sulphate, ferric 

chloride, and aluminium sulphate. 

26. The action of calcium hydroxide on ammonium chloride, 

ammonium sulphate, ammonium nitrate. 

27. The action of sodium hydroxide on ammonium chloride, 

ammonium sulphate, and ammonium nitrate. 

28. The action of potassium hydroxide on ammonium chloride, 

ammonium sulphate, and ammonium nitrate. . 

29. The action of ammonia on hydrochloric acid, sulphuric acid 

and nitric acid. 

30. The action of water on calcium oxide. 

31. The action of sodium carbonate on calcium hydroxide. 

32. The action of heat on copper hydroxide and lead hydroxide. 

33. The action of sodium hydroxide solution on hydrochloric acid, 

sulphuric acid, and nitric acid. 

34. The action of potassium hydroxide solution on hydrochloric 

acid, sulphuric acid, and nitric acid. 

35. The action of sulphuric acid on the hydroxides of zmc and 

copper. . 

36. The action of hydrochloric acid on the hydroxides of zmc and 

copper. . 

37. The action of nitric acid on the hydroxides of zmc, copper, and 

lead. 

38. The action of ammonia burning in oxygen. 


CHAPTER XV 

Neutralisation and Salts 

One property of acids is that they turn litmus red. Alkalis 
turn litmus blue. A solution of an alkali may be taken and 
added to a solution of an acid so that the resulting solution 
turns litmus neither red nor blue. The acid is then said to 
be neutralised. Other indicators, such as methyl orange, or 
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ttht“lar be ^ t0 ““ Whe " 

apJaraS^t out b y »“>«■ of the 


dilute sulphuric acid 

a feW t° FS ° f HtmUS S0luti0U ^ ded - Tho 

colour ot the litmus is changed to red 
Sodium hydroxide solution from a bench bottle is placed 


Burette 


Sodium hydroxide 

so/ution 


Burette 



Rubber tubing 
—Spring c/ip 


G/assjet 



Of 

P/an of Spring c//p 


in a long graduated glass tube, known as a burette. The 
burette has a tap at the lower end, or is closed by means of 
a glass jet and rubber tubing with a spring clip, as shown, 
femall quantities of sodium hydroxide solution are then run 
into the flask, which is shaken after each addition in order 
to mix. the solutions. With a little practice sufficient skill 
is obtained so that the addition may be stopped at such a 
moment that one more drop of the sodium hydroxide solution 
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will turn the litmus blue. In other words, it can be arranged 
that the sulphuric acid in the flask is very nearly neutralised. 
It might be imagined that the flask now contains both sul¬ 
phuric acid and sodium hydroxide in proportions just suffi¬ 
cient to prevent litmus being turned either red or blue. This 
is not the case. A chemical action has taken place and a 
new substance, known as sodium sulphate, has been formed. 

H 2 S 0 4 + 2NaOH =Na 2 SO 4 + 2H 2 0 

The solution in the flask may be freed from the litmus with 
which it is contaminated by boiling with a little animal char¬ 
coal as described on page 185. It is then evaporated in a 
beaker until it will crystallise on cooling. Crystals of sodium 
sulphate will be obtained. 

An alternative method of obtaining the sodium sulphate 
solution free from litmus is to take the same volume of sodium 
hydroxide solution as in the previous experiment and to add 
the correct volume of sulphuric acid solution which has just 
been found. It is unnecessary to add the litmus because the 
volume of sulphuric acid solution required for neutralisation 
is now known. 

The substance formed when an acid is neutralised is called 

a salt. 

Definition of an Acid. 

An acid is a substance which turns litmus red and which 
contains hydrogen replaceable by a metal. 

It is a difficult thing to define accurately what chemists 

o * 

understand by the term “acid,” but the definition just given 
is often adopted in elementary chemistry. Lavoisier thought 
that all acids contained oxygen and this explains the name 
given to the gas, w’hich means “acid producer.” It is true 
that many acids do contain oxygen, but there are also many 
acids which do not contain this element. All acids do, how¬ 
ever, contain hydrogen. 

4 .' <_• 

When defining an acid it is not sufficient merely to state 
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that an acid is a substance which contains hydrogen beca„«,» 

Sogen The 6 ! T ^ ^ ^ SS 

be replaced by a metal must also be mentioned H a 
stance contains hydrogen it is not necessary that the whole 
of the hydrogen should be replaceable by a metal Z 

hydrogen can be replaced, the substance is refeZ to as 

In order to illustrate the manner in which the definition 
applies, sulphuric acid may be considered as an example. 

formula for one molecule of the acid is H 2 S0 4 . When the 
metal zinc acts on the acid dissolved in water the hydrogen 

of the acid s rer. anorl _, . . •' fe™ 


formula 


known 


is oDrained. The 
of zinc sulphate is ZnS0 4 . 

Definition of a Salt. 

A salt is the substance obtained when the hydrogen of an 
acid has been replaced by a metal. 

Salts have been frequently mentioned previously without 
stating precisely what we understand by the term. The illus- 

A n /-v ^ « X 1 J 1 i f f « — 


dilute 


CVV/J.UL yjjj, ZjTUU USt 

given shows the formation of a salt. The hydrogen in the 

sulphuric acid has been replaced by the metal zinc. The zinc 
sulphate is therefore called a salt. 

In the example just given the salt is obtained by acting 

rm O Q A i rl rl i nrv __! V j 1 if ^ 


directly 


This is not the only 


~ AW AAVU UXJLVy UUiy 

method by which salts may be prepared. A number of 


will 


Common salts are chlorides, sulphates, and nitrates. 


Definition of a Base. 

A base is a substance which acts on an acid to yield a salt 
and water only. 
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A number of substances may act on acids to produce salts, 
but if anything else is formed besides salts and water, then 
these substances are not referred to as bases. For example, 


when copper acts upon dilute nitric acid the substances 
formed are copper nitrate, water, and nitric oxide. Copper 
is therefore not a base. Similarly, when dilute hydrochloric 


acid acts on calcium carbonate the substances formed are 


calcium chloride, water, and carbon dioxide. Calcium car¬ 
bonate is therefore not a base. 

An example of a base is sodium hydroxide. When sodium 
hydroxide acts on nitric acid, sodium nitrate and water only 
are formed. 


NaOH-f-HNO 3 =NaN0 3 + H 2 0 


Typical bases are the hydroxides of the metals and am¬ 
monium hydroxide. A few equations showing the action of 

bases on acids are given. 

KOH-j- HC1 =KC1+ H ,0 
Cu (OH),+H 0 S0 4 =CuSO 4 -f-2H 2 0 

nh 4 oh+hno 3 =nh 4 no 3 +h 2 o 

The whole idea of neutralisation and the relation between the 
terms acid, base, and salt are summed up in the following 
statement. 

A oid-j- Base= Salt-4- W ater 

Basic Oxides. 

Certain oxides of metals, such as copper oxide, are acted 
upon when heated with dilute acids to give salts and water 
only. These oxides are therefore bases, but they are usually 
called basic oxides to distinguish them from other oxides 
which are not bases. The equation for the action of copper 
oxide on dilute sulphuric acid is given. It shows clearly that 
copper oxide is a base. 


Cu0-fH 2 S0 4 =CuS0 4 +H 2 0 
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W peroxMB, Pb0 8 , is not acted upon by dilute nitri, 
id. When heated with • ■ y ute mtnc 


^ • i . , , , , —munc acid lead npr 

oxide yields lead chloride, water, and chlorine. P 

PbO 2 +4HC1=PbCl 2 -f 2H 2 0+Cl 2 

Lead peroxide is therefore not a base. On the other hand 
litharge (lead monoxide), PbO, is acted upon by hot dilute 
nitric acid to yield lead nitrate and water only. 

Pb0+2HN0 3 =Pb(hr0 3 ) 2 +2H 2 0 

Lead monoxide is therefore a base. 


Alkalis. 

Sodium hydroxide is a base. It dissolves in water and the 
solution turns litmus blue. Other bases which behave in a 
simi ar manner are potassium hydroxide and ammonium 
Hydroxide. Sodium, potassium, and ammonium carbonates 
a so dissolve in water and their solutions also turn litmus 
blue. These particular hydroxides and carbonates are called 
alkalis. The common alkalis are shown in the following table. 

Sodium hydroxide Sodium carbonate 

Potassium hydroxide Potassium carbonate 

Ammonium lmiroxide Ammonium carbonate 

Thus it can be seen that the term alkali includes soluble 

hydroxides and soluble carbonates, all of which turn litmus 

blue. The reason for the fact that these carbonates turn 

litmus blue will be apparent when chemistry is studied more 
fully in the sixth form. 


Methods of Preparing Acids. 

The methods by which acids are prepared differ according 
to the acid. The preparations of hydrochloric acid and nitric 
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acid have already been discussed. The preparation of sul¬ 
phuric acid will be dealt with later. 

Methods of Preparing Salts. 

A number of methods of preparing salts are available. 
These are important and should be studied carefully. It is 
not often that all the methods are suitable for the preparation 
of any particular salt. The method, or methods, chosen 
depend upon the salt it is desired to prepare. The principal 
ways in which salts may be prepared are as follows. 

1. The action of an acid on a metal. 

2. The action of an acid on a basic oxide. 

3. The action of an acid on a hydroxide. 

C' 

4. The action of an acid on a carbonate. 

5. Double decomposition or precipitation method. 

6. The direct combination of the elements composing the 
salt. 


A number of examples which illustrate some of these 

methods have already been described. 

« • 

The action of an acid on a metal. This method can, of course, 

only be employed if the acid acts on the particular metal. 

The sulphates of zinc, iron, and magnesium, and the chlorides 

of zinc, iron, magnesium, and aluminium can be prepared 

by the action of the dilute acids on the metals. With certain 

metals the acid must be concentrated. Thus copper is not 

acted upon by dilute sulphuric acid, but it is acted upon by 

the concentrated acid. Nitrates may also be prepared in 
this way. 

i 

A few typical equations are given. 

Zn-f H 2 S0 4 =ZnS0 4 -fH o 

2A1+6HC1=2A1C13+3H“ 

Cu-f 2H 2 S0 4 =CiiS0 4 +S0o+ 2H o 0 

Cii-f4HN6 3 =Cu(N0 3 ) 2 -f2Nb 2 +2H o 0 
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: sulphate i 

experiment 


adily 


i a . , ^ ~ uutctmea. 

L A convenient quantity of dilute sulphuric acid is taken 
m a beaker or an evaporating basin. 

Tt !n Ir T fiImgS arC added Until no further action takes place 
It may be necessary to heat gently in order to speed up the 

actaon, but boiling should be avoided, otherwise too much 
e\ aporation will take place. 

Solutlon mtered - The excess of iron remains on 


I 

the filtrate. 


forms 


4 / J , he “ 1 “ tion is evaporated until a test shows that 

VfctiHlS Will triT'TYi -rni i , . 


to cool. 


allowed 


o. \Vhen crystallisation is complete the solution above the 

crystals is poured off and the crystals are dried either by 
blotting paper or a crystal dryer. 

The action of an acid on a basic oxide. This is a very general 

and useful method. For example, copper sulphate may be 
prepared by the action of hot dilute sulphuric acid on copper 

A Viflrv A A 


oxide. 


Cu0-f-H 2 S0 4 =CuS0 4 +H 2 0 


- * — ucu uy tilt. 

nitric acid on litharge (lead monoxide). 


dilute 


Pb0-f-2HN0 3 —Pb(N0 3 ) 2 -}-H 2 0 

dhe details for the preparation of crystals of copper sul¬ 
phate by this method are as follows. 

Some dilute sulphuric acid is taken in a beaker or an 
evaporating basin and copper oxide is added. There is no 
apparent action, but if heat is applied and the mixture gently 
stirred by means of a glass rod, the copper oxide disappears. 
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The addition of copper oxide to the dilute sulphuric acid is 
continued with gently heating and stirring until all the dilute 
sulphuric acid is used up and a slight excess of copper oxide 
remains. The solution is then filtered. The excess of copper 
oxide remains on the filter paper together with any impurities 
which were present in it, such as powdered copper. It may 
be noticed that the residue in the filter paper also contains 
crystals of copper sulphate. This occurs when too much 
copper sulphate is prepared to dissolve when the liquid is 
cold. More water may be added to get back this copper 
sulphate. Crystals of copper sulphate are then obtained 
from the main solution in the usual manner. 

The action of an acid on a hydroxide. This is also a very 

general and useful method. 

(a) The hydroxides of sodium, potassium, and ammonium 
are soluble in water. The correct volumes of solutions of the 
hydroxides and acids which must be mixed to form the salts 
can be found, as already described, by means of indicators. 

NaOH+ HC1 =NaCl+H 2 0 
2NH 4 0H+H 2 S0 4 = (NH 4 ) 2 S0 4 +2H 2 0 

(b) Insoluble hydroxides of metals are usually made as 
required when the} 7 are used in the preparation of salts. For 
example, if it is desired 
to prepare copper nitrate 
crystals using copper 
hydroxide, then the 
copper hydroxide would 
first have to be pre¬ 
pared. The following 
procedure illustrates the 
m eth od. 

Some copper sulphate 

crystals are crushed and 

%■ 

dissolved in water. A 



o 
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slight excess of a solution of sodium hydroxide is then 
Copper hydroxide is precipitated. * added ‘ 


CuS0 4 -f 2Na0H=Cu(0H) 2 -f-Na 2 S0 4 

of He ZT r hydr °f de is filtered and washed to get rid 

nydroxide. The funnel is then placed over a clean beaker 
and dilute nitric acid is added. Usually the copper hydroxide 

removed and placed in the beaker with the nitric acil A 
solution of copper nitrate forms in the beaker. 

Cu(0H) 2 -f2HN0 3 =Cu(N0 3 ) 2 +2H 2 0 

Ike solution may be evaporated and crystals prepared. 

The action of an acid on a carbonate. This is another very 
useful and general method for preparing salts. 

(a) Hie carbonates of sodium, potassium, and ammonium 
are soluble m water. The preparation of salts may be per- 

lormpri hv moavio ^— j. _• J 1 


~ manner uescnoea witn 

the hydroxides. The usual indicator employed in schools is 

methyl orange, since litmus is slightly affected by the carbon 

dioxide given off. The equation for the action of sulphuric 
acid on sodium carbonate is given. 


Na 2 C0 3 -f-H 2 S0 4 =Na 2 S0 4 +C0 2 +H 2 0 

(b) In the case of insoluble carbonates a slight excess of 
the powdered carbonate is added to the acid. It can be 
observed when the action is complete by the presence of 
some of the carbonate which remains unacted upon. Also, 
carbon dioxide ceases to be given off. 

If the carbonate is not available it may be prepared in a 
manner similar to that described in the preparation of 
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insoluble hydroxides. The preparation of the salt is also 
proceeded with in a similar manner. The rule for knowing 
which common carbonates are soluble in water has already 
been given. It states that all common carbonates are 
insoluble in water with the exception of sodium, potassium, 
and ammonium carbonates. 


Double decomposition or precipitation method. This method 

is employed for the preparation of salts w r hich are only 
slightly soluble in water. 

An example will make the procedure clear. Suppose it is 
desired to prepare a specimen of barium sulphate. This salt 
is only very slightly soluble in water. It is necessary to 
obtain a soluble salt of barium and a soluble sulphate. That 
is to say, it is necessary to obtain a soluble salt of the metal 
and a soluble sulphate. In deciding which salts to choose it 
is as well to remember that all nitrates arc soluble and that 
all common salts of sodium, potassium, and ammonium are 
soluble. Actually, in this case the method will be illustrated 
by employing barium chloride, which is the common soluble 
salt of barium, and sulphuric acid, which is the sulphate of 
hydrogen. 

BaCl 2 -f- H oSO 4 =BaSO 4 -j- 2 HC’i 

A solution of barium chloride is made in a beaker. Dilute 
Milplmric acid is then \ 
added until no more 
barium sulphate is pre¬ 
cipitated. This may be 

1 *. 

ascertained by allowing 

%. c 

the precipitate of 
barium sulphate to 
tile and then adding 



Barium sulphate 


S * 


a 



e more dilute sul¬ 
phuric acid. The for¬ 
mation of any further 



Hydrochloric acid and 
CAcess su/phur/c acid 

Fin. $n. 
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connection with 


drying 


distilled 


know which common 
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ubstances are soluble in water. A table is given. 


Solubility of Substances 


SOLUBLE 

All nitrates 

All common compounds 

of 

Sodium 

Potassium 

Ammonium. 

All chlorides, except 

lead, silver, and mer¬ 
curous chlorides. 

All sulphates, except 
lead, calcium, and 
barium sulphates. 


a 


Water 

INSOLUBLE 




Oxides 
Hydroxides 
Carbonates 
Sulphides 
except those 
of sodium, 
potassium, 
ammonium. 


SPARINGLY SOLUBLE 

Calcium 

hydroxide 

Calcium 

sulphate 



Fig. 81. 
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Direct combination of the elements composing the salt. This 

method is mainly used for the preparation of salts which 
contain only two elements. Examples of such salts are 

chlorides and sulphides. 

Frequently anhydrous chlorides of metals are made by 
passing a stream of chlorine over the heated metals. The 
diagram shows some apparatus by means of which a speci¬ 
men of anhydrous ferric chloride may be prepared. A slow 
stream of chlorine is passed over heated iron wire. Ferric 
chloride is produced and is collected as a sublimate in the 
wide mouthed bottle. The excess chlorine goes to the fume 

chamber. 

2Fe+3Cl 2 =2FeCl 3 

Certain sulphides are prepared by heating a mixture of the 
metal and sulphur. Ferrous sulphide is prepared on the com¬ 
mercial scale by heating a mixture of iron and sulphur. 

Fe+S=FeS 

The experiment has already been described when mixtures 
and compounds were discussed. 

Notes on the Preparation of Saets. 

A number of methods may be available for the preparation 
of a salt. The most suitable method, or methods, should be 
chosen. Although the problem of preparing a particular salt 
may appear difficult to the beginner, a little thought will soon 
indicate a method by which this may be accomplished. It 
may seem a difficult problem to prepare a crystalline speci¬ 
men of copper nitrate from crystalline copper sulphate. 
There is a temptation to say “Dissolve the copper sulphate 
in water, add dilute nitric acid, and crystallise.” Of course, 
this is only guess work. Remember there are six well known 

♦ * o 

methods for preparing salts. When the problem of preparing 
such a salt is presented, go over these six methods in your 
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- on one which is , ,, . 

case. The preparation of Conner nit *f W t0 thls P arti <mlar 
sulphate crystals has already he Crystals from copper 

through once more. M tUm bacb and read it 

Methods of Preparing Basic Oxides. 

P Hating”t m^tal *" a$ f ° U ° m - 

l ' ^ eatm g the hydroxide of the metal 
f „ atm S the carbonate of the metal. 

4. Heating the nitrate of the metal. 

Slewhfn 1 “ e ted fa ™ Certain “ born an 

nearly to boilint L a W*”' Wben mercUryis Seated 
is formed. ° S ^ “ alr ’ mercuric HgO, 

2Hg-f- 0 2 =2HgO 

Other metals which form oxirlpQ in 
copper, and magnesium Tn th ‘ hls way are lead * 

nitride is magneSiUm 

fnnM tom^ dr0Xide °* ““ metaL This method can be 

sodium and t ° 0mm0 r hydroxides . with the exception of 

d P° tassium hydroxides. Two typical equations 


are given. 


Ca(0H) 2 =Ca0+H 2 0 

2 F e (OH) 3 =Fe 2 0 3 +3H ? 0 


the t , Car 1 bonate ° J a e metal. All the common car- 

hon^e!’ i he ex .“P tion of sodium and potassium car- 

nates, yield the oxide on heating. Carbon dioxide is given 
oiXj e.g. 
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CaC0 3 =CaO-fC0 2 

CuC0 3 =Cu0+C0 2 

Heating the nitrate of the metal. All the common nitrates, 

with the exception of sodium and potassium nitrates, yield 
the oxide, nitrogen peroxide, and oxygen on heating, e.g. 

2Pb(N0 3 ) 2 =2Pb0+4N0 2 +0 2 
2Zn(N0 3 ) 2 =2ZnO+4N0 2 -f 0 2 

With silver nitrate and mercuric nitrate the effect of heat 
carries the reaction one stage further, because the oxides of 
these two metals are decomposed by heat, forming the metal 
and oxygen. 


QUESTIOXS. 

1. Define an acid. 

2. Define a salt. 

3. Define a base. 

4. Name three acids. 

5. Name six salts. 

6. Name three bases. 

7. Name six alkalis. 

8. State shortly six methods of preparing salts. 

9. State Bhortly four methods of preparing basic oxides. 


EQUATIONS. 

Write down equations for the following chemical actions :— 

10. The action of sulphuric acid on the hydroxides of sodium, 
potassium, copper, ammonium, aluminium, zinc, ferric iron, and 
magnesium. 

11. The action of nitric acid on the hydroxides of sodium, potass¬ 
ium, copper, ammonium, zinc, and magnesium. 

12. The action of hydrochloric acid on the hydroxides of sodium, 
potassium, copper, ammonium, aluminium zinc, ferric iron, and 
magnesium. 

13. The action of dilute sulphuric acid on zinc, iron, and magnesium. 

14. The action of dilute hydrochloric acid on zinc, iron, magnesium, 
and aluminium. 

15. The action of dilute nitric acid on copper. 

16. The action of concentrated nitric acid on copper. 

17. The action of dilute sulphuric acid on the oxides of zinc, copper, 
aluminium, and magnesium. 

IS. T1 ic action of dilute nitric acid on the oxides of zinc, copper, 
magnesium, and lead. 
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copper, and sulphuric acid on the carbonates of zino 

zinc, copperfand maSm^ 001110 " 0 acid on the carbonates ol 
polish, aM f a^“ 0n th6 of sodium, 

22. The action of s nverm ? teatesoTutS^ 0S1 TV lead ’ ®“ d ooWum. 

° f ^ Ot Th 1Um ; Cal0iuin ’ am monium. and ™ T ,®°“ tlons of ‘>*0 chlorides 
. I he action of barium chlnrirl 


sodium, aluminium, au3 ZZnoZZ 


CHAPTER XVI 

The Measurement or Volumes of Gases 

smaVtol diffioult matter to we ‘gt a gas accurately. When 
small volumes are concerned the weights are very small and 

Ind *ir y ‘t t dCV1Se apparatus suitabIe both for collecting 
d cighing the gas. Considerable difficulties also arise 

with regard to weighmg large volumes. However, it is com- 
paratively easy to measure a volume with fair accuracy. 

required, it is usual to measure its volume® and thfn to 

calculate the weight from the figures obtained. This means 

hat somebody else must previously have made careful 

experiments m order to find out the relation between 

weights and volumes of gases. These experiments have 
been performed. 

The volume of a given mass of a gas is not always the 

same. It changes according to the conditions under which 
it is measured. 


Conditions which Affect the Volume of a Gas. 

The volume of a given mass of a gas changes with 

1. The pressure. 

2. The temperature. 
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The ways in which the volume of a given mass of a gas 
changes with the pressure and the temperature are studied 
in physics, but they are also important in chemistry and will 
be discussed shortly here. 


The Measurement of pressure. 

The pressure of a gas is usually expressed by referring to 
the height of the column of mercury which it will support. 
The measurement is often made in millimetres and the 
pressure of the gas is then stated to be so many millimetres 
of mercury, or simply as so many “mm.” 

This method of measuring pressure is illustrated by an 
experiment usually shown in 
physics when the pressure of 
the atmosphere is demonstrated. 

A long glass tube, closed at one 

end, is filled with mercury and ^ P 

a thumb placed over the open ■_ Mercury 

end. The tube is then inverted ! 


Mercury 


in a dish of mercury and the I I 

thumb removed. If the tube is 760 mm - ! Pressure of 

long enough the level of the J atmosphere 

mercury in the tube falls to a | 

certain definite height above the • 

level of the mercur} 7 in the dish. I ^ | 

This height, which is known as | I H Mercury 

the barometric height, depends -> 

upon the atmospheric conditions Fig. S2. 

prevailing at the time. The 

mercury does not fall out of the tube entirely because the 

atmosphere is pressing down on the mercury in the dish. 

The pressure of the atmosphere is measured by the height 

of the column of mercury it can support in the tube. This 

height is roughlv 760 mm. If the tube taken is not sufficientlv 

*/ 

long none of the mercury falls out because it can all be 
supported by the atmosphere. 


Fig. 82. 
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Pressure on the 


V-S5S t’SiS.’i; Boyle's ?.» «“ * 

the temperature remains constant. 

may be'ttetedThat ^« t t° t% the ”““*■« * Boyle’s law it 
ha ved then the volume is doubled. If the pressure is 

lnd U so om ° ne th ' rd ’ the “ ^ V ° 1Ume iS three times as 8»* 


The Measurement or Temperature. 

tcmr,e!nT ^ a ?? ™ lume of a § as is taken and its 
tempe rature is carefully measured in degrees Centigrade. By 



Fig. 83. 


means of a suitable piece of apparatus, shown in physics, the 
temperature may be raised or lowered while the pressure is 
kept constant. The volume is noted for a number of readings 
of the temperature and a graph is plotted to show how the 
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volume changes with the temperature. The diagram shows 
the kind of graph which is obtained. If the experiment has 
been done carefully the graph is practically a straight line. 
Suppose the line is continued backwards until it cuts the 
temperature axis. It is found that the line cuts the axis at 
very nearly —273° C. and, in the case of what is knowm as 
a “perfect” or “ideal” gas, the line would cut the axis at 
almost exactly this temperature. This point is made 0 degrees 
of a ne w scale of temperature called the Absolute scale. When 
it is required to calculate how the volume of a gas changes 
with the temperature the Absolute scale is always used. In 
practice the temperature is measured in degrees Centigrade 
and the temperature found is then converted to degrees 
Absolute. This is done as follows. 


To Convert Centigrade to Absolute Temperature. 

i^The rule is very simple. In order to convert degrees Centi¬ 
grade to degrees Absolute, add 273°. 

A study of the graph shows the reason for the rule. The 
following examples make the procedure clear. 

0°A. = - 273°C. 

0°C.= 273°A. 

100°C.= (100+273)° A. 

- 373°A. ) 


The Effect of Temperature on the Volume of a Gas. 

The manner in which the volume of a gas changes with 
the temperature is described by Charles’ law. 

Charles’ law states that the volume of a given mass of a 
gas is directly proportional to the absolute temperature, 
provided that the pressure remains constant. 

Charles’ law means that if the absolute temperature of a 
mven mass of a gas is doubled, then the volume is doubled. 
Ii the absolute temperature is halved, then the volume is 
halved. If the absolute temperature is reduced to one third, 
then the volume is reduced to one third, and so on. 
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The Use of Boyle’s and Charles’ Laws. 


If we are given the volume of a gas and the pressure 

emperature at which the volume is measured, the laws of 

Boyle and Charles enable us to calculate the volume the gas 

wou d occupy at any other pressure and temperature. 

ormula, often used, which is obtained as a result of the 
combination of Boyle’s and Charles’ laws is 


?iVi = 

T, T 2 

where P lf V v and T x represent the original pressure, volume 
and temperature of the gas and P 2 , V 2 , and T 2 represent 
the final pressure, volume, and temperature of the gas. 


Example. 


?o e J 0 ‘ U “ 6 ° f a ° ertain gaS is 25 c - c - at 756 pressure 
and 22 O. What volume would the gas occupy at 789 mm. 

orirl 1 ri 0 


pressure and 15° C.? 


I irst convert the temperatures to Absolute units. 

22° C. = (22+273)° A.=295° A. 

15° C. = (15+273)° A. =288° A. 


The formula just given may be used. 

P 1 =756 mm. P 2 =789 mm. 

^ i = 25 c.c. V 2 =The new volume which 

Tj=295° A. T 2 =288° A. 

Then 756x25 = 789 XV 2 

295 288 


it is required 
[to find. 


The value of the volume, V 2 , which it is required to find can 
be worked out from this equation. 
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Standard Temperature and Pressure, S.T.P. 

Since the volume of a gas is affected by the temperature 
and the pressure it has been found useful when discussing 
the volume of a gas to state what its volume would be at a 
standard temperature and pressure. The standard tempera¬ 
ture which is chosen is 0° C. (that is, 273° A.). The standard 
pressure chosen is 760 mm. of mercury, which is roughly the 
pressure of the atmosphere at sea level. Of course, the pres¬ 
sure of the atmosphere varies, but it is usually round about 

this value. 

The expression “standard temperature and pressure” is 
often shortened to S.T.P. Sometimes the letters N.T.P. are 
used. They are short for “normal temperature and pressure,” 
which is simply another expression meaning 0° C. and 760 
mm. pressure. 

\ To Convert a Volume to S.T.P. 

P V P V 

The formula V -J- — _J— 2 may be used. It is not neces- 

1 1 T 2 

sary to write down the formula every time, however. The 
fraction for the new volume may be written down directly 
by reasoning in the head. Consider an example. 

50 c.c. of a gas are at 14° C. and 763 mm. pressure. Find 
the volume the gas would occupy at S.T.P. 

Convert the temperature to Absolute units. 

14° C. =(14+273)° A. 

—287° A. 

Write down the old volume, 50 c.c. Remember that the new 
temperature and pressure are going to be 273° A. and 760 mm. 

Ask yourself these questions. 

(a) Is 273° A. more or less than the old temperature? 
According to the answer to this question the volume will be 
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In 


T , n x -i/uD uiu temperature is 287° A 

The temperature is therefore going to be less. The volume 

mil therefore be less When the volume is corrected for 


-— —-- * 

temperature it becomes 


“ x S “ 


vofome le^ 273 “ the numerator in order to make the 


(b) Is 760 mm. greater or less than the old pressure? In 
the example the old pressure is 763 mm. The pressure is 
therefore going to be less. The volume will therefore be 
greater. When the volume, which has already been corrected 
tor temperature, is corrected for pressure it becomes 

273 v 763 

50 X-X -- c c 

288 760 

, Not( ; tliat 760 is ma de the denominator in order to make 
the volume greater. 

With practice the expression just worked out for the new 

volume can be written down very quickly. The questions, 

which have taken a considerable time to write down and 

answer, are put to oneself and only the final figures are 
written down. 


Water Vapour Pressure. 

If a gas is collected over water, or is damp, the pressure 
which is measured is not entirely due to the gas. Water gives 
off a vapour which exerts a definite pressure. The effect of 
water vapour pressure is shown in the following experiment. 

The diagram shows a barometer tube filled with mercury 
and then inverted in a dish of mercury. The barometric 
height is represented by the letter H. 

Suppose a little water is introduced into the barometer 
tube by means of a small vessel with a curved stem, as shown. 
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The water rises to the top of the barometer tube and at once 
turns into a vapour. The level of the mercury in the tube 



Fig. 84. 


falls, showing that the water vapour is exerting a pressure. 
If more water is added this ma} 7 also turn completely into 
vapour and the level of the mercury will fall still further. 
There comes a time, however, when water which is added 
no longer turns into a vapour, but remains as a liquid on 
top of the mercury. The space above the mercury is then 
said to be saturated with water vapour. The difference 
between the original height of the mercury and the final 
height of the mercury is called the pressure due to saturated 
water vapour. 

The pressure which is exerted by waiter vapour changes 
with the temperature. As the temperature is raised, so the 
pressure becomes greater. Experiments have been made to 
find the values of the water vapour pressure at different 
temperatures and tables are available showing these values. 

Sometimes the term “aqueous vapour” is employed instead 
of “water vapour.” 
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of a Gas. 


Water Vapour Pressure on the Pressure 


Suppose a gas is collected over water, or is in contact with 
iter. After allowing some time to elapse it may be assumed 
at the space is saturated with water vapour. The pressure 

pi noted is therefore due to the 


Gas + 

water vapour 


Water 


Fig. 85. 


down 


pressure of the gas and also 
to the pressure of the water 
Atmosphere vapour. The diagram will 

make the idea clearer. 

J , Some gas is shown in con- 

| tact with water in an airtight 
vessel. Suppose the water in 
the tube and the water in the 
trough are at the same level. 

_j The gas and the water vapour 

are pressing down on the 
water in the tube. The atmos- 


water m the tube and the water in the trough are at the same 
level these two pressures must be equal. We mav therefore 


write 


Pressure of gas-f- Pressure of water vapour 


Pressure of atmosphere 


.*. Pressure of gas=Pressure of atmosphere - 


Pressure of water vapour 


This gives a simple rule for finding the real pressure of the 

gas. The pressure of the water vapour is subtracted from 
the total pressure. 

The following example shows the method of calculation. 
45 c.c. of hydrogen were collected over water. The pressure 
recorded was 764 mm. and the temperature was 17° C. Find 
the volume of the hydrogen at S.T.P. 
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Bring the temperature to Absolute units. 

17° C. = (17+273)° A. 

290° A. 

Find the real pressure of the hydrogen. 

Pressure of aqueous vapour at 17° C. 

.*. Real pressure of hydrogen 


14*5 mm. 

(764— 14*5) mm 
749*5 mm. 


m ^ _ 273 749*5 

Volume at S.T.P.=45x —X 


c.c. 


The Method of “Levelling” when Measuring Volumes. 

The diagrams show three examples of measuring volumes 
of gases under various conditions. 


Gas 


* 


h. . 


Mercurv 


Gas 


Atmo sphere 


V 

- - i: 


Mercury 


Neaative heac/ 


Gas 


Atmosphere 


Mercury 


Atmosphere 


\ 


n 

Positive heat/ 

Fig. 86 


HI 

Mercury '/e v e//e d 


»> 


1. In the first diagram the level of the mercury in the 
tube is higher than the level of the mercury in the trough. 
It can be seen that the pressure of the atmosphere is support¬ 
ing both the pressure of the gas and the pressure of a column 
of mercury of height h,. 


P 
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Pressure of gas+Pressure of column of mercury of height A = 

Pressure of atmosphere 1 

i ressure of gas=Pressure of atmosphere — 

Pressure of column of mercury of height h v 

h Jf e r lumn of merour y of height h, is called a negative 

ad of mercury, since it must be subtracted from the 
Zlt enC PreSSUre in ° rder t0 obtain the Pressure tf 


2. In the second diagram the level of the mercury in the 

tube is lower than the level of the mercury in the trough. 

In this case the pressure of the gas is supporting both the 

pressure of the atmosphere and the pressure of a column of 
mercury of height h 2 . 


Pressure of gas=Pressure of atmosphere-f- 

Pressure of column of mercury of height h 2 

The column of mercury of height /t 2 is called a positive 
head of mercury, since it must be added to the atmospheric 
pressure in order to obtain the pressure of the gas. 

3. In the third diagram the mercury in the tube and the 
mercury m the trough are both at the same level. The pres¬ 
sure of the gas is therefore equal to the pressure of the 
atmosphere. 

The diagrams show clearly that, if the levels of the mercury 
in the tube and the trough are not the same, the pressure 
of the atmosphere and the difference in levels of the mercury 
must be measured in order to find the pressure of the gas. 
It can be seen how much more convenient it is to arrange 
that the mercury is at the same level inside and out of the 
tube. Ihe operation is known as levelling and when volumes 
of gases are being measured this adj ustment is always made. 
The pressure of the gas can then be found simply by reading 
the atmospheric pressure from a barometer. 

The idea of levelling has been illustrated with mercury. 
Often, however, gases are collected and measured over water. 
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It would be still more inconvenient in this case if the levels 
were not the same, because the atmospheric pressure is 
measured in millim etres of mercury and the head would be 
measured in millimetres of water. The length of the equi¬ 
valent head of mercury would then have to be calculated. 
When water is employed it must also be remembered that 
the pressure of the water vapour must be taken into account. 
The levels are made the same and the height of the barometer 
then gives the pressure of the gas plus the pressure of the 
water vapour. In order to find the pressure of the gas the 
pressure of the water vapour is subtracted. 

With the apparatus shown in the diagrams the levels can 
he made the same by raising or lowering the tube as required. 
It is interesting to observe how the volume of the gas alters 
when this is done. 

Apparatus for Collecting and Measuring Volumes 
of Gases. 

Various pieces of apparatus are employed for measuring 
the volumes of gases. These all find their uses in different 
kinds of experiments. 

Single tube apparatus. 



Fig. 87 . 
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The simplest apparatus to understand consists of „ 

foUcct d tU ) be ° l0Sed at ° ne end ' K is often employedfor 

collecting and measuring Q —n _ ^pmyea ior 


levelling 


volume 


tube is taken out in a cruciiw water 

W raising] ° f watf * where Evening may be performed 
by raising or lowering the graduated tube. 

Apparatus with levelling tube. 

Figure 88 shows a more elaborate kind of apparatus 
here mereury ls often employed instead of water ? In this 
case the gas may be dried before measurement and it is then 


n 


Gas 



Mercury 



Mercury 


7~b/cA rubber 
tub/ny 


‘Apparatus w/t/j Leve/Z/ny tube 


Fig. 88. 


unnecessary to take into account the effect of water vapour 

pressure. The apparatus is also useful for measuring volumes 
of gases which are soluble in water. 
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Two types of apparatus are shown. The first consists of 
a glass tube bent to form two limbs. One of the limbs is 
graduated and the gas enters by a tap at the top. The level¬ 
ling is done by pouring mercury into the open limb, or taking 
some out from the tap at the bottom. 

The second piece of apparatus consists of two glass tubes 
connected by thick walled rubber tubing called pressure 
tubing. One of the tubes is graduated and is fitted with a 
tap at the top to allow the gas to enter. The levelling is done 
by raising or lowering the other tube, as required. 

Both pieces of apparatus are adjusted for use in a similar 
way. In each case the first step is to open the tap at the top 
of the graduated limb and fill the tube with mercury. The 
gas is then introduced by means of the tap. This tap is 
preferably of the “three way” kind. 

Overflow apparatus. 

An arrangement of apparatus which is often employed in 
schools for the determination of the volume of a gas given off 



C verf/o w Spp sra tus 

Fig. 89. 
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With 


known 


displace an equal volume of water It if the volumTof th° e 
water wh^h is measured, and not the volume of the gas itself 

olume of hydrogen evolved when a known weight of 
magnesium is acted upon by dilute hydrochloric add A 
corncai flask is taken and a little water is placed in the bottom 

tube of h ? P1GCe ° f ma ^ nesium - A small test 

tube of concentrated hydrochloric acid is then lowered into 

he flask by means of thread, and a well fitting rubber 
stopper through which passes a piece of bent glass tubing, 


Water is made to flow from the large bottle into the 
graduated cylinder by blowing down tube A. A siphon is 
us produced. One of the pieces of rubber tubing is then 
closed by means of a spring clip and the conical flask is 
attached as shown. The clip is now opened and the level 
of the water m the graduated cylinder should quickly adjust 
itself and then cease to move. If the water rises in the 
graduated cylinder until it is at the same level as the water 
m the bottle it is probable that the apparatus is not airtight 
and the leak must be discovered and remedied. In any case 

only a little water should be in the cylinder, otherwise there 
will be insufficient room for the overflow. 

The levels of the water in the bottle and in the graduated 
cylinder are now made the same by raising the cylinder and 
the volume of water in the cylinder is read. The acid is then 
spilled from the test tube in the conical flask and the hydrogen 
given off forces over an equal volume of water into the 
cy linder. After allowing to cool to the original temperature, 
the levels of water in the cylinder and in the bottle are again 
adjusted and the new volume of water is recorded. The 
difference between the first and final volume gives the volume 
of hydrogen evolved. The temperature and the atmospheric 
pressure are also recorded. Allowance is made for the pres- 
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sure of water vapour and the volume of hydrogen at S.T.P. 

is calculated. 

The arrangement of apparatus described may be employed 
for finding the volumes of gases given off in a large number 
of chemical reactions, provided that the gases are only 
slightly soluble in water. 

The Calculation of Results. 

1. When it is required to work out a large compound 
fraction logarithms should be employed, if this method of 
working is understood. Time is saved and the working 
presents a neater appearance. 

2. A tabular method of setting out the logarithms should 

be adopted. 

3. If four figure logarithms are used note that the fourth 
significant figure in the answer is not always accurate. In 
general the answer should not be given to more than three 
significant figures. 

An example of the method which should be adopted in 
setting out and calculating the results is given. 

Results. 

Weight of magnesium = 0-20 grn. 

2nd volume of water in cylinder — 24S c.c. 

1st volume of water in cylinder = 44 c.c. 

%/ 

Volume of overflow=Volume of hvdrocen = 204 c.c. 

Temperature = 19° C. 

Atmospheric pressure = 701 mm. 

Pressure of aqueous vapour at 19° C. = 16-5 mm. 

Pressure of dry hydrogen=(761 — 16-5)mm. = 744-5 mm. 

Convert the temperature to Absolute units. 

19° C. = (19-j-273) °A. = 292° A. 
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Volume of hydrogen at S.T.P. 


204x^x^oe 

292 760 


NUMBER 

LOG 

204 

■ 

2-3096 

273 

2-4362 

744-5 

2-8719 

Numerator 

7-6177 

Denom. 

i 

5-3462 

Quotient 

2-2715 

186-8 



number 

LOG 

292 

2-4654 

760 

2-8808 

Denom. 

5-3462 


Volume of hydrogen at S.T.P. = 187 c.c. (to 3 gig. figs.). 


QUESTIONS. 


JL* State Boyle’s law. 

2. State Charles’ law. 


3. Give the rule for converting temperature measured in degrees 
Centigrade to degrees Absolute. 

4. What is the temperature referred to in the expression “S.T.P?” 
Give the answer in degrees Absolute. 

■5. Give the pressure referred to in the expression “S.T.P.” 

<( J^ ve another expression which is sometimes used instead of 

o. 1 .ir. 


7. When a gas is in contact with water how is the real pressure 
or the gas obtained from the observed pressure? 

8. What is the object of “levelling” when measuring the volume 

of a gas? ° 

9. Draw a simple piece of apparatus which may be used for 
collecting and measuring a small volume of a gas over water. 

10. Draw a piece of apparatus for measuring the volume of a gas 
collected over mercury. 

11. Give a diagram of the apparatus used for measuring the volume 
of a gas by the overflow method. 


NUMERICAL EXAMPLES. 

. 0 ^J 10 answers to the following examples correct to three sig¬ 

nificant figures. Logarithms should be used if this method of working 
is understood. 
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12. The volume of a gas was 33 c.c. at 16° C. and 740 mm. Find 


the volume at 15° C. and 770 mm. 

13. A gas occupied 218 c.c. at 25° C. and 762 mm. 

at 15° C. and 780 mm. 


Find the volume 


The following examples refer to the volumes of dry gases at the 
temperatures and pressures stated. Calculate the volumes at S.T.P. 



VOLUME 


IN C.C. 

14. 

50 

15. 

210 

16. 

162 

17. 

187 

18. 

115 

19. 

94 

20. 

87 

21. 

65 


TEMPERATURE 
IN ° C. 

26 

17 

19 

20 
22 
21 
23 
16 


PRESSURE 
IN MM. 

771 

740 

746 

765 

768 

764 

751 

751 


The following examples refer to the volumes of gases measured over 
water at the temperatures and pressures stated. Take into account 
the pressure of water vapour and calculate the volumes of the gases 
at S.T.P. The pressure of water vapour at various temperatures will 
be found in the table on page 215. 



VOLUME 

TE M PERATURE 

PRESSURE 


IN C.C. 

IN ° C. 

IN MM. 

22. 

25 

15 

765 

23. 

51 

17 

762 

24. 

121 

19 

758 

25. 

162 

18 

756 

26. 

221 

14 

771 

27. 

318 

14 

765 

28. 

92 

16 

759 

29. 

88 

18 

755 

30. 

75 

17 

775 

31. 

84 

15 

760 


32. 0-86 gram of a carbonate when acted upon by dilute hydro¬ 
chloric acid yielded 200 c.c. of carbon dioxide at 16° C. and 765 mm. 
pressure. Find the volume of carbon dioxide at S.T.P. yielded by 
100 grams of the carbonate. Give the answer in litres correct to three 
significant figures. Take account of the pressure of acqueous vapour. 

33. 3-2 grams of the oxide of a metal gave off 173 c.c. of oxygen 
collected over water. The temperature was 14° C. and the pressure 
761 mm. Calculate the volume of oxygen at S.T.P. given off by one 
gram of the oxide. 

34. 301 c.c. of hydrogen were evolved when 0-31 gram of a metal 
was acted upon by dilute hydrochloric acid. The temperature was 
1 6 A C. and the pressure 765 mm. Find the volume of hydrogen evolved 
at S.T.P. when one gram of the metal is acted upon by dilute hydro¬ 
chloric acid. 
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CHAPTER XVII 


Equivalents 


The Idea of Equivalents. 

upon'by U dnute aCted 

Stsr ix~z» ~ 


experiment is repeated with dilute 


magnesium 


again 


to obtain one gram of hydrogen. It can be seen that siX 
suits w ould be obtained if the number of pounds of magne- 

Ge^rallv'Tt m T, ° {h ^ 0 ^ were toLd. 

rx::, m \r requircd , to disi,,ace **** * « 

n. • ^ that 12-2 P arts b y weight of magne¬ 

sium are m one sense equal in value to one part by weight 

° ^ f ^q ( n ' moans that whenever we wish to obtain 

one part by weight of hydrogen by means of magnesium we 

rTtV . 1>arts by weight of magnesium in order to 

ootam g 11ns is expressed more shortly by saying that the 
equi\ client of jna^nc»siuni is 12*2. 

In Some cases elements combine with, but do not displace 

hydrogen. -Nitrogen is an example. This element combines 

til 1 i\i lo-in to foim ammonia, but docs not displace 

hydrogen from compounds containing it. In such cases the 

equivalent of the element is taken as the weight of the 

element which will combine with one part by weight of 
hydrogen. 

Definition of the Equivalent of an Element. 

The equivalent of an element is the number of parts by 

veight of the element which will combine with or displace 
unit weight of hydrogen. 

An equivalent is really a ratio between two weights. 
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Actually, it is a number and not a weight. However, since 
equivalents deal with weights, the expression equivalent 

weight is often employed. 


The Equivalent of Oxygen. 

One of the most important equivalents is that of oxygen, 
and the equivalent of this element has been found with great 



7 r. u rn cftior* Cutes 


Ca/cium ch/orioe tubes 


Fig. 90. 


accuracy. The earliest determination of any importance was 
made by Dumas in 1842. The principle of the experiment 
is that when hydrogen is passed over heated copper oxide, 
water is formed and copper is left. 


Hydrogen -j- Copper oxide =Copper-f Water 

This experiment was performed by Dumas with great care. 
The diagram gives an indication of the method he used. 
Actually, his apparatus was more complicated. The hydrogen 
was very carefully purified and dried before passing over the 
heated copper oxide and special precautions were taken to 
make sure that all the water formed was absorbed. It is of 
great importance that the hydrogen should be thoroughly 
dried before passing over the copper oxide, otherwise the 
weight of water obtained 1 x 111 be too great. 

The procedure of the experiment is as follows. 
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bo!h WoS X d r 6 tte iSent 

gives the weight nf th* n ® 1068 m ***** 


oxygen used. 

formed is absorbed by means 


- '“»«•» u w-. u, 5 zz: „ zszx 

Sft£ ftftstft »• - 

Tr .— i_ . i 


^ ~ * luiaiiru, tnen 

used can be found by subtraction 

'TM. i . . 


oxygen used up and the 
i weight of the hydrogen 


follows 


Results. 


Weight of boat-f 
W’ejght of boat-f- 


copper oxide before experiment 
contents after experiment 


Loss m weight --weight of oxygen 


grams 
= 10-36 
= 9-03 


= 1*33 


W eight oj 1 tubes after experiment 

Wright of L tubes before cxjicrirnent 

Lain in weight weight of water 


= 67-93 
* 66-43 



W eight of Water 
W eight (»1 ox vgr/j 

WYight of h vdrogen 


= 1-flO 
* 1-33 


= 0-17 


**• 017 ^ ram of hydrogen combine with 1-33 grams of oxygen 
1 gram of hydrogen eombines with ( yp grams of oxygen 


7*82 grams of oxygen. 

The result obtained gives a value for the equivalent of oxygen. 
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There were certain errors in the experiment performed by 
Dumas of which he was unaware. Since that time a number 
of experiments have been made with the object of finding 
the ratio of the combining weights of oxygen and hydrogen. 
These experiments have been performed with very great care 
and with all the advantages which modern knowledge can 
give. The results show that the value obtained by Dumas 
was slightly incorrect. The value for the weight of oxygen 
which combines with one part by weight of hydrogen usually 
accepted is 7-94 correct to 2 decimal places. 


Oxygen as the Standard Equivalent. 


For various reasons it has been decided to adopt oxygen 
as the element with which the equivalents of other elements 
are compared. This is expressed by saying that oxygen is 
made the standard for the determination of equivalents. 
Only a few metals displace hj’drogen and most metals do 
not combine with hydrogen to form stable compounds. On 
the other hand a great many elements combine with oxj^gen 
to form stable compounds. This was one of the reasons which 
led to the decision to adopt oxygen as the element with the 
standard equivalent. 

It has been decided to make the value for the equivalent 
of oxygen exactly 8 and all other equivalents are calculated 
on this basis. 


Taking the equivalent of oxygen to be exactly 8, the 
equivalent of hydrogen becomes 1-008. For most purposes 
in elementary chemistry it is sufficiently accurate to take 
the value of the equivalent of hydrogen as 1. 


The Use of other Elements in Finding Equivalents. 

In order to find the equivalent of an element it can be seen 
that, instead of finding the weight of the element which 
combines with or displaces unit weight of hydrogen, the 
weight of the element which combines with or displaces 8 
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found 


r .I . —xuuuu. in practice it i<» 

frequently inconvenient to use either of these methods on 

account of tJho font „„:xi_ 1 1 ilOUS on 


and 


dis 


form 


wdl 


find 


dilute 


displace 


1 . X -— »UiUS, nor 

does it combine with oxygen to form a stable oxide. It does 

however, combine with chlorine to form a very stable 

chloride. Therefore it is possible to find the equivalent of 

saver by forming silver chloride. The equivalent of chlorine 

is 35-5 to one decimal place. The method adopted is to find 

the weight of the element which combines with 35-5 parts 
by weight of chlorine. 


Full Definition of Equivalent. 

The equivalent of an element is the number of parts by 

weight of the element which will combine with, or displace, 

one part by weight of hydrogen, or eight parts by weight 

of oxygen, or 35-5 parts by weight of chlorine, or the equi¬ 
valent of any other element. 


Methods of Finding Equivalents 

1. Displacement of hydrogen. 

This method provides a useful exercise in the school 
laboratory. It is not, however, of great practical importance 
as there are not many elements which displace hydrogen in 
a manner convenient for measuring. The method can be 
used for the metals which are acted upon by dilute hydro¬ 
chloric acid or dilute sulphuric acid. These are zinc, iron, 
magnesium, and aluminium. 

It is difficult to weigh a gas accurately, but it is compara- 
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tivelv easy to measure its volume. Consequently the volume 
of hydrogen is measured and its weight is found by calcula¬ 
tion. Advantage is taken of the fact that very careful 
experiments have already been performed to find the weight 
of a given volume of hydrogen. It may be taken that 1000 c.c. 
of hydrogen at S.T.P. weigh 0-09 grams correct to two 

decimal places. 

Suppose it is proposed to find the equivalent of magnesium 
by displacing hydrogen from dilute hydrochloric acid. The 
following steps are necessary. 

1. A piece of magnesium is weighed. 

2. The volume of hydrogen given off when the weighed 
piece of metal is acted upon by dilute hydrochloric acid is 
measured. The temperature and pressure are recorded. 

3. The volume of the hydrogen at S.T.P. is calculated. 

4. The weight of the hjalrogen is calculated by making use 
of the fact that 1000 c.c. of hydrogen at S.T.P. weigh 0-09 
grams. 

d. The weight of magnesium which displaces one gram of 
hvdroecn is calculated. 

It must be stressed that in order to find equivalents it is 
necessary to deal in weights. The volume of hydrogen is 
found simply as a means of calculating its weight. 

The apparatus necessary for finding the equivalent of a 
metal by displacement of hydrogen has already been dealt 
with when methods for the measurement of volumes of gases 
were discussed. An arrangement of apparatus which is suitable 
for schools is shown on page 221. The manner in which the 
experiment should be conducted is also fully described. 

It is important that the results should be set out care- 
fullv and in an orderly manner, otherwise mistakes can 

% V ' 

easilv be made in the calculation. A method of setting out 

« • W 

the results is shown. It is preferable not to work out frac¬ 
tions until the end. 
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Results. 


Weight of metal 

2nd volume of water in cylinder 
1st volume of water in cylinder 

Volume of overflow=volume of hydrogen 


— 0-16 grams 
= 170 c.c. 

= 32 c.c. 

= 138 c.c. 


Temperature 


= 21° C. 


Atmospheric pressure _ 

Pressure of aqueous vapour at 21° C. <= 
Pressure of dry hydrogen=(767 -18-6) mm. = 


767 mm. 

18-6 mm. 
748-4 mm. 


Bring temperature to Absolute units 

21° C. ==(21+273)° A. 


= 294°A. 


Volume at S.T.P. = 138 X-^X-^^ 


294 


760 


c.c. 


x c.c. (say). 

It is not necessary to work out the fraction for the volume 
of the hydrogen. Call it x c.c. for the moment. 

1000 c.c. of hydrogen at S.T.P. weigh 0-09 grams 
.*. x c.c. of hydrogen at S.T.P. weigh 


0-09 


0-09 

1000 


X x grams 


1000 ^ X S rams hydrogen are displaced by 0-16 grams of 
metal 

1 gram of hydrogen is displaced by —' 16x1000 CTams of 

0-09 X# 6 

metal 

0-16X 1000x294x760 


0-09x138x273x748-4 


grams of metal 
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1TCTMBER 

LOG- 

■ 

NUMBER 

LOG. 

016 

1-2041 

0-09 

2-9542 

1000 

30000 

138 

2-1399 

294 

2-4683 

273 

2-4362 

760 

2-8808 

748-4 

2-8741 

Numerator 

7-5532 

Denom. 

6-4044 

Denom. 

6-4044 



Quotient 

1-1488 



14 09 





The equivalent of the metal = 14T (to 3 sig. figs.). 


2. Combination with oxygen. 

There are two methods available for finding the equivalent 

of an element by means of ox 3 T gen. 

In the first method a known weight of the element is con¬ 
verted into the oxide. The oxide is weighed and the weight 
of the oxygen is thus found. From these results the weight 
of the element which combines with eight parts by weight 
of oxygen can be calculated. When a compound is built up 
from its elements the process is known as synthesis. The 
method is therefore referred to as the synthesis of the oxide. 

In the second method a known weight of the oxide is taken 
and the oxygen removed. The weight of the element left is 
found and the weight of the oxygen obtained by subtraction. 
The equivalent of the element is determined as in the previous 
method by calculating the weight of the element which 
combines with eight parts by weight of oxygen. When a 
compound is split up into its elements the process is known 
as analysis. The method is therefore referred to as the 
analysis of the oxide. 

(a) Synthesis. 

The simplest method of forming the oxide is to heat a 

Q 
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known weight of the element in air, or oxygen This h 
ever, is often unsuitable, because it may not be ea^ fn 

m the case nf magnesium n b obtamed 


A clean dry 

*•* p.«. ;:r 

“ 8 "-“ '”»>■ >-y t" s“.t 2: 


space 



Fig. 91. 


will 


crucible and lid are thor- 
oughly dry they may first 
be heated and then 

o a to7 d *° C ° 01 “ a desi0 ‘ 
cator. The apparatus is 

then fitted up as shown 
in the diagra 

The lid is placed so that 
it does not completely 
cover the crucible, but 
leaves a small space for 
air to enter. If this space 
is too large fumes of mag- 
nesium oxide will be lost 


first with 

fifteen minutes. While 


i:j i , • , Lue crucioie and 

d are placed m a desiccator and left until they are cool 

enough to bear on the back of the hand. The crucible, lid 

that alftT ^ then T ghed a ^ 111 order to >e’sure 

heated for a ^ a ^ ne8 ^ um ^ as been changed the apparatus is 
heated for a further five minutes and the weight again found. 

This procedure must be repeated until the weight does 

not vary. ® 


• iS , n ° t P° sslble to obtam a really accurate value for the 
equivalent of magnesium by this method because some of 

the metal combines with the nitrogen of the air to form 
magnesium nitride. 

The results are set out as follows. 
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Results. 


Weight of crucible-j-lid-}- magnesium 

Weight of crucible-}-lid 

.-.Weight of magnesium 


grams 

17-29 

1714 

015 


Weights after heating: 

1st weight 
2nd weight 

Final weight after heating 
Total weight before heating 

. Weight of oxygen 


17-39 

17-29 

0-10 


0-10 grams of oxygen combine with 0-15 grams of magnesium 

0-15 

8 grains of oxygen combine with —-X8 grams of 


magnesium 


12 -0 grams of magnesium 


Equivalent of magnesium = 12 0 


The method of forming the oxide bv making the element 
combine directly with oxygen is employed to find the 
equivalent of carbon. The carbon dioxide which is formed 
is a gas and special arrangements must be made in order to 
find the weight produced. In practice it is absorbed in a 
vessel containing potassium hydroxide solution and the 
increase in weight is found. Potassium hydroxide is very 
soluble in water and very concentrated solutions can there- 
fore be prepared. The carbon dioxide acts on the potassium 
hydroxide to form potassium carbonate. 

C0 2 -f 2KOH =K 2 C0 3 +II 2 0 
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An arrangement of apparatus similar to that shown 
diagram is set up. 


Oxygen 


Carbon 


Copper ox/c/e 


Calcium 

chloride 



ss 
oxygen 


Strong solution 
potassium 
hydroxide 


Fig. 92. 


Pot as/? bulbs 


containing 


shown 


The 


, x xr— —-*** rrui ui wire, it mav 

happen that some of the carbon is changed into a gas called 
carbon monoxide and it is essential for the success of the 
experiment that the final product should consist only of 
carbon dioxide The copper oxide is employed to change any 
carbon monoxide which may be formed into carbon dioxide 


. ^ ^ io iii a very 

neat piece of apparatus called potash bulbs. A set of potash 

bulbs is arranged so that the potassium hydroxide solution 

is m three separate portions. The apparatus takes up only 

a smah space and is designed so that it may be easily weighed. 

The end of the potash bulbs is fitted with a small calcium 

chloride tube to absorb any moisture which might otherwise 

be carried away from the solution and thereby result in a 
loss in weight. 


In order to conduct the experiment the boat is first weighed 
alone and then with some carbon in it. The potash bulbs 
are also weighed. A slow stream of oxygen from a cylinder 
or gas holder is dried by means of concentrated sulphuric 
acid and is then passed through the apparatus. The copper 
oxide is heated and then the boat containing the carbon is 
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heated. When the carbon has finished burning the heating 
is stopped, but the stream, of oxygen is continued for some 
time to sweep out all the carbon dioxide formed. After this 
a stream of air is passed to sweep out the oxygen. The potash 
bulbs are then weighed again. The increase in weight gives 
the weight of the carbon dioxide formed. The weight of 
oxygen which combines with the carbon is found by sub¬ 
traction and the equivalent is calculated in the usual manner. 
The student should ask to see some wire form copper oxide 
and a set of potash bulbs, if these are available. 

Another method of forming the oxide directly from the 
element is often used in the case of metals. Advantage is 
taken of the fact that most nitrates split up when heated 
strongly and leave the oxide of the metal. The method may 
be illustrated by using copper. A small piece of copper sheet 
is carefully weighed and then acted upon with the minimum 
quantity of concentrated nitric acid. Nitrogen peroxide is 
evolved and a solution of copper nitrate is left. The solution 
is evaporated to dryness and then strongly heated until no 
further change in weight occurs. The equivalent is calculated 
in the usual manner. The difficulty in performing this experi¬ 
ment practically lies in the fact that when copper nitrate 
solution is evaporated to dryness it is inclined to boil suddenly 
and violently and portions of the solution may even be thrown 
out of the vessel. This is expressed by saying that humping 
is likely to occur when the liquid is boiled. If a crucible 
nearly covered with a lid is employed as the receptacle it 
is found that when the liquid is boiled it tends to “creep” 
over the side. The apparatus shown in the diagram is some¬ 
times recommended. 

The likelihood of bumping is greatly reduced by placing 
one or two glass beads, or a few fragments of porous pot, 
in the solution. The possible loss of weight due to the solu¬ 
tion spitting may be avoided by having the solution in a 
test tube and using a small plug of glass wool. Glass wool 
consists of a mass of very tine threads of glass and has 
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appearance of o] 
ol the experiment is as follows. 


procedure 



(//ass WOO/ 
Copp n/£ra£ e 

so/at/on 

Gtess beads 
porous pot 


The tube, together with 
the glass beads and the 
glass wool, is weighed. The 
glass wool is then removed 
and a piece of copper in- 
serted. The glass wool is 

replaced well down 

tube, which is again 


now 

the 


Fig. 93. 


weighed with the contents. 
The weight of the copper is 

found by subtraction. A 
very little concentrated 

nitric acid is now added 
drop by drop by means of 
a piece of narrow glass tub- 
ing. The nitric acid sinks 


attacks the copper Sufficient „ * th ® g ' aSS w ° o1 and 

the copper entity disafpear The Tt ** ‘° “ ake 

of the tube conta^SeSrrfi°°T “? ^ 

After cooling, the tube 

has combined wifh thf copper ZZ ti °, Xyg “ Wbi ° h 

lated in the usual manner^ ’ th eqmralent 18 cal ™- 


The procedure of inserting and removing the glass wool 
OTPaf naro ic fo 7 P oss ^iy lead to inaccuracies. If 

obtained witbn t H ^u* 10 heatin £> 8 ood results may be 
obtained without using the glass wool, provided the glass 

beads, or porous pot, are used to prevent bumping 
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Analysis 


This 


Dry hydrogen 


Copper ox/de 


known weight of h 

Excess of hydrogen 
burning 


rrr 

tZL 


i 


m 






Hard g/ass tube 
with gent/e s/ope 


Fig. 94. 

copper oxide. The hydrogen combines with the oxygen of 
the copper oxide to form water and copper is left. 

The main details of the experiment have already been 
described. The boat is weighed first alone, and then con¬ 
taining some copper oxide. A stream of dry hydrogen is 
passed through the tube and a test made to ensure that all 
the air is driven out. The hydrogen is then lighted at the 
jet and the boat containing the copper oxide is heated. After 
a time, when it appears that only powdered copper is left 
in the boat, the heating is stopped and the stream of hydrogen 
is continued until the boat is cool enough for weighing. The 
procedure is repeated until constant weight is obtained. 
The weight of the copper can thus be determined and the 
weight of the oxygen is found by difference. The equivalent 
of the copper is calculated in the usual way. 

The hydrogen used in the experiment may be obtained 


from a cylinder or generated by means of a Kipp’s apparatus. 
For class use a stream of coal gas from the tap is often 
employed. Coal gas contains hydrogen to the extent of 
about 50%. 


chlorine 


The chlorides of a large number of elements can be pre- 
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found most. 


used it is uecessary-tn finr;r lB ' US 'u When tWs method » 
of the ^ by "*** 

chlorine. The experiment is carried out as"’'St B,8ht ° f 
7 A P ure specimen of the chloride of the pUp^’ 1 + 1 
and a known weight of it is dissolved in distilled wlter 

precipitet^T^i^m^chloride^is^formed^^dver Tf? * 

very insoluble compound and Z Sdve .r blonde is a 

practicahy all the chlorine from the orgnffXST"" 
3. The precipitate is washed, dried, and weighed 

“,° r 7 t0 011,1 the wei 8 ht of the chlorinefn the silver 
, rl e tte equivalent of silver must be known. This has 
been determined with great exactness and the weight of the 

element inVhe o^ h® ,° al ^ a * ed - The wei «bt of the other 

aTfbofh 6 kn eiSht 1 th6 dement and the -ight of ^loS 

calcited eqU1Valent ° f tbe eIement c “ >>« 

4. Other elements. 

The equivalent of an element is the number of parts by 

weight of the element which will combine with, or displace 
he equivalent of any other element. * 

Examples have already been given of methods of deter¬ 
mining equivalents by means of hydrogen, oxygen and 
chlorine. Other elements may, of courfe, be emp7ye d 
according to convenience. An example of a method which 
may be used in the school laboratory will be given. 

It is found that if a piece of zinc is added to a solution of 

copper sulphate, copper is deposited and zinc sulphate is 
iormed. The zinc is said to replace the copper. 


In 


Zn+CuS0 4 =Cu-fZnS0 


- -— «/ jJUuKjKD UJL AlUU 18 

carefully weighed and then added to -excess of a solution of 
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copper sulphate in a beaker. The zinc disappears and a 

reddish mass of copper takes its place. 

The solution is filtered through a weighed filter paper. It 

must now be washed very thoroughly to get rid of any zinc 

sulphate formed and 

copper sulphate re¬ 
maining. In order to 
be sure that this has 
been done it is usual 
to continue the wash¬ 
ing until the liquid 
filtering through no 
longer answers to the 
test for a sulphate. 
This means that no 
precipitate is formed 
on the addition of 

barium chloride solution. 

The filter paper and copper are then carefully dried in an 
oven. The copper is in a very finely divided condition and 
will combine with oxygen much more readily than if it were 
in a large piece. Consequently, the temperature must be 
kept as low as possible while the drying is taking place. 

In order to find the equivalent of zinc by this method it 
is necessary to calculate the weight of zinc which displaces 
3T8 grams of copper. 3TS is the equivalent of copper correct 
to one place of decimals. 

The equivalents of iron and magnesium may be found in 
a similar manner. Both these metals displace copper from 
copper sulphate solution. 



QUESTIONS. 


1. Define the equivalent of an element. 

2. Which element is chosen as the standard for equivalents? 

3. What is the value given to the standard equivalent? 
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5. Which metals hy&oien tom J^\ a ^ pbVlio acid? 

6. What is the w^t ofXK aCid ’ 

why do we measure thewluine and no? ° f hydrogen 

equivalents? most useful for determining 

over heated carbcfnf 68 Wilicl1 may be form ed when oxygen is passed 
n.- WTiat fa left'wC r p 5 S‘t 0 e y6d ‘t° ab r b dioxide. 

a as- 

heated 07 ^ 0 ”*^“ produCed when ***<*» » P*®d over 
14. Name a very insoluble chloric 


Numerical Examples. 


Displacement of hydrogen. 

The following examples give the voliWo , 
displaced by the weights of metals stated. Calculate the 

equivalents of the metals and give the answers correct to 
three significant figures. 


15. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 


WEIGHT OF 
METAL 
IN GRAMS 

0-19 

0-31 

0-29 

0-19 

0-35 

0-64 

0-30 

0-14 

0-20 

0-46 


VOLUME OF 
HYDROGEN 
IN C.C. 

252 

301 

125 

69 

130 

280 

290 

180 

250 

93 


TEMPERATURE 
IN 0 C. 

18 

16 

19 

17 

18 
21 

15 
17 

16 

20 


PRESSURE 
IN MM. 

762 

765 

740 

750 

745 

755 

768 

771 

772 
758 


The following examples give the volumes of hydrogen, 
collected over water, displaced by the weights of metals 
stated. Take into account the pressure of water vapour and 
calculate the equivalents of the metals. Give the answers 


gnificant 


The pressure of water 
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vapour 

at various 

temperatures 

'will be found in 

the table 

on page 

24o. 





WEIGHT OF VOLUME OF 




METAL 

HYDROGEN 

TEMPERA TUBE 

PRESSURE 


IN GRAMS 

IN C.C. 

IN ° C. 

IN MM. 

25. 

0-42 

86 

18 

761 

26. 

0-32 

138 

16 

770 

27. 

0-38 

162 

19 

758 

28. 

0-91 

195 

20 

771 

29. 

0-25 

325 

18 

775 

30. 

0-42 

184 

21 

755 

31. 

0-25 

102 

15 

762 

32. 

0-21 

77 

17 

766 

33. 

0-15 

158 

21 

750 

34. 

0-16 

225 

17 

754 


Analysis of oxides. 

Calculate the equivalents of the metals from the results 
shown. 


WEI 

OHT OF BOAT 

WEIGHT OF BOAT 
-f- OXIDE 

WEIGHT OF BOAT 
4-METAL 

« 

IN GRAMS 

IN GRAMS 

IN GRAMS 

35 . 

2-784 

4-029 

3-783 

36. 

2-784 

5-081 

4-916 

37. 

2-662 

4-754 

4-474 

38. 

2-531 

4-850 

4-633 

39. 

2-817 

4-992 

4-338 


Synthesis of oxides. 

Calculate the equivalents of the elements from the results 
shown. 


WEIGHT OF VESSEL 
IN CRAMS 

40. 17-984 

41. 10-802 

42. 12-717 

43. 15-453 

44. 10-668 


WEIGHT OF VESSEL 
r ELEMENT IX GRAMS 

19-525 

12- 094 

13- 745 

16-387 
IS-4 90 


WEIGHT OF VESSEL 
-+• OXIDE IN GRAMS 

20-356 

12- 404 

13- 996 

17- 004 

18- 631 


45. A porcelain boat weighed 3-251 grams alone and 3-723 grams 
together with an element X. The element X was completely burned 
in a stream of oxygen and the gaseous oxide formed was absorbed 
63 ’ means of potash bulbs. The weight of the potash bulbs before the 



244 


CHEMISTRY FOR SCHOOLS—PART II 


absor P tion 50-625 grams 

The foUoZT^T e r: b tZZ rePmted Wi ‘ h “““ —» V. 

Weight of boat ' 9 fiQ , 

Weight of boat+Y oft 

Weight of potash bulbs before absorption 46-221 warns 
Calculate the equivalent of Y. ^ grams 


grams 

grams 


Combination with chlorine. 

The following figures give the weights of chlorides of 
various elements and the weights of chlorine contained in 
them Calculate the equivalent of the element in each case, 
lake the equivalent of chlorine as 35*5. 


47. 

48. 

49. 

50. 

51. 


WEIGHT OF CHLORIDE 
IN GRAMS 

1-760 

1-628 

1- 824 

2 - 012 
2-104 


WEIGHT OF CHLORINE 
IN GRAMS 

0-435 

0-988 

0-868 

0-901 

0-717 


Other elements. 

52. A piece of a metal weighing 1-20 grains was added to a solution 

of copper sulphate. The metal disappeared and 1-17 grams of copper 

were deposited If the equivalent of copper is 31-8, calculate the 
equivalent of the metal. 

53. 3*62 grams of the sulphide of a metal contained 0-678 gram of 

sulphur. If the equivalent of sulphur is taken as 16-0, calculate the 
equivalent of the metal. 


• 5 . 4 - grams of the iodide of an element contained 1-18 grams of 

iodine. If the equivalent of iodine is 127, calculate the equivalent 
oi the element. 


55. 1-21 grams of the bromide of an element contained 0-90 gram 

of bromine. If the equivalent of bromine is 80*0, calculate the equi¬ 
valent of the element. 
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TO EXAMPLES, ETC. 


Table to Show the Saturated Vapour Pressure 

of Water at Various Temperatures 

« 


TEMP. IN DEGREES PRESSURE 
CENTIGRADE IN MM. 

10 9-2 

11 9-8 

12 10-5 

13 11*2 

14 120 

16 12-8 

16 13-6 

17 14-6 


TEMP. IN DEGREES PRESSURE 
CENTIGRADE IN MM. 

18 15-5 

19 16-5 

20 17-6 

21 18-6 

22 19-8 

23 21-0 

24 22-3 

25 23*7 


ANSWERS TO EXAMPLES. 


pack 13. CHAPTER I. 

No. 20 60 0 grams 


PAGE 225. 

No. 12 31-6 c.c. 

No. 13 206 c.c. 

No. 14 46-3 c.c. 

No. 15 193 c.c. 

No. 16 149 c.c. 

No. 17 175 c.c. 

No. 18 108 c.c. 



CHAPTER XVI 

No. 

19 

87-8 

C.C. 

No. 

20 

79-3 

c.c. 

No. 

21 

60-7 

c.c. 

No. 

22 

23-5 

c.c. 

No. 

23 

47-2 

c.c. 

No. 

24 

110 

c.c. 

No. 

25 

148 

c.c. 


No. 26 

210 

C.C. 

No. 27 

300 

c.c. 

No. 28 

85-3 

c.c. 

No. 29 

80-3 

c.c. 

No. 30 

70-7 

c.c. 

No. 31 

78-3 

c.c. 

No. 32 

22-1 

litres 

No. 33 

51-5 

c.c. 

No. 34 

923 

c.c. 


CHAPTER NVII 
No. 26 27-5 


PAGE 24 

2. 

No. 15 

8-91 

No. 16 

120 

No. 17 

28-3 

No. 18 

32-9 

No. 19 

32-5 

No. 20 

27-5 

No. 21 

12-0 

No. 22 

905 

No. 23 

9-26 

No. 24 

59-1 

No. 25 

590 


No. 

27 

28-6 

No. 

28 

56-1 

No. 

29 

9-12 

No. 

30 

28-2 

No. 

31 

29-1 

No. 

32 

43-7 

No. 

33 

11-8 

No. 

34 

86-3 

No. 

35 

32-5 

No. 

36 

103 


No. 37 

51-8 

No. 38 

77-5 

No. 39 

18-6 

No. 40 

14-8 

No. 41 

31-8 

No. 42 

32-8 

No. 43 

121 

No. 44 

103 

No. 45 

2-93 

No. 46 

7-96 

No. 47 

108 


No. 48 23-0 

No. 49 39-1 

No. 60 43-8 

No. 51 68-7 

No. 52 32-6 

No. 53 69-4 

No. 54 38-8 

No. 55 27-6 
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From Gibbs & Richards’ Mathematical Tables by permission of Messrs. Christophers 
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